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1. I]env u 3a0auu uszyuenus OucyunIUHbl

Ilenpto wu3yueHUs AUCLHUIUIMHBI SBJISETCA TOATOTOBKA CTYIEHTOB K IPOM3BOACTBEHHOM
JesTeNbHOCTH B cepe mepeqaud H paclpefefieHds DICKTPUYECKOW SHEprud,  OOCITyKWBaHHSA,
JUAarHOCTUKH M MOHHUTOPHHIA 3JIEKTPOIHEPIETHUECKOr0 OO0OpYAOBaHMS B COOTBETCTBHU C Npoduiem
MOJATOTOBKU C COONIOACHUSIMUA TpeOOBaHWU 3alllUTBl OKPYXKAIOLIEH Cpeabl, oOecledeHHs! 3J0POBbsS
HepcoHaja U 6e30MacHOCTH IPOU3BOJICTBA.

3agadyamMu U3y4eHHS AUCLUIIMHBL SBISIFOTCS:

— OCBOEHHE JUCLMITIMHBI HAa YPOBHE, MTO3BOJISAIONIEM OPUEHTHPOBATHCS B CPEACTBAX 3ALIUTHI OT
MOPaKEHHUS EKTPUYECKMM TOKOM IPH BBIIOJIHEHHMHM pPadOT MO OOCITY)XHBaHMIO, HKCIUTyaTaluu
3JIEKTPOYCTAHOBOK PHEPIOCUCTEM;

— 3HaThb OCHOBHBIE PEKUMBI PaOOTHI ANEKTPOYCTAHOBOK U CBSI3aHHbBIE ¢ HUMHU ONACHOCTH AJIS
HEPCOHANA;

— MMETh HaBBIKM MPAKTHYECKOTO pacyera CPeCTB 3aIIUTHI OT 3JICKTPOIIOPAKEHHS, 00JIaCTh MX
MPaKTUYECKOTO MPUMEHEHUS;

— mpuéMbl O0CBOOOMKICHUS TOCTPAJABIIETO OT TOKOBEAYIIMX 4YacTed M OKa3aHHs MEepBOH
MIOMOIILH.

B yueOHoO# mucruruimHe «DIEKTPOOE30MaCHOCTE» PAacCMaTPHUBAIOTCS BOIPOCHI 0€30MacHOTO
B3aMMOJCHCTBHA YEJIOBEKa C JJIEKTPUYECTBOM M 3JIEKTPOMArHUTHBIMU TOJSMH IPOMBIIUICHHOM
YyacToThl. V3yyeHne CTyAEHTaMH TUCHUIUIMHBI MO3BOJIIET COPMHUPOBATH Yy OYAYIIUX CHEIHATHCTOB
CIeLUalbHBIE 3HAaHUS B 001acTH 3nekTpoOe3omacHOCTH. Peannzanuss Ha NpakTHUKE AITUX 3HAHWUN
obecneunT coxpaHeHHe paboTOCIOCOOHOCTH, 310POBbS U KU3HU UEJIOBEKA.

2. Obopyoosanue u mamepuanni

ArmaparHble cpeICTBa: MEPEHOCHON HOYTOYK, MPOCKTOP, HHTEPAKTUBHAS JTOCKA.

VYyeOHast aynuropus sl MPOBEACHUS YU€OHBIX 3aHATUN, OCHAIEHA 00OpPYJOBaHHEM H
TEXHUYECKUMH CPEJICTBAMHU O0yUSHUSI.

3 Haumenoeanue npakmuueckux paoom

JIist CTYyIeHTOB 3a09HON (POpPMBI OOYUYSHHS MTPETYCMOTPEHBI CIEAYIONINE MPAKTUISCKUE
pabotel: [Ipaktudeckas pabora Ne 4. AHanu3 OMACHOCTH MOPAKEHUS TOKOM B Pa3IUYHBIX
AIEKTPUYECKUX CeTsAX- 2 yaca, [Ipaktuueckas padorta NeS5 3amuTHoe 3a3emiieHHE. 3aHyJICHHE.
3amuTHOE OTKIIOYeHHe. — 2 vaca, [IpakTuueckas padota Ne 3. DeKTpoTeXHUYECKUE 3AIIUTHBIE
CpEeJICTBA U MPEJOXPAHUTEIHHBIC MPUCIIOCOOIEHNUs- 2 Yaca.

Ne N3 Hux
Tembl HanmeHnoBaHMe TeM JUCIUIUTMHBL, UX KPaTKOE Ob6Bvem paKkTHYecKast
TUCLUT coJiepKaHue 4acoB MOJIrOTOBKA,
JIHBI 9acoB
3 [TpakTuyeckas padora Ne 3. 6

MexaHu3M BO3JIEUCTBUS SIEKTPUUECKOTO TOKA HA
yenoBeka. CTaTUYECKOE IIEKTPUUECTBO. SBICHUS
TIPY CTEKAaHUH TOKA B 3EMIIIO.

5 [Tpaktuyeckas pabora Ne 5. 6 2
3anmTHOE 3a3eMIICHUE. 3aHyJICHUE. 3alUTHOE
OTKJIFOYCHHE.

6 [TpakTyeckas pabora Neo . 4

DNIEKTPOTEXHUUECKHUE 3aALIUTHBIE CPEJCTBA U
MIPEIOXPAHUTEIIBHBIC TPUCTIOCOOJICHHS

7 [TpakTnueckas padora Ne 7. 4
3ammra oT BO3/AEHCTBHS AIEKTPOMArHUTHOTO OIS
HPOMBIIIICHHOW 9aCTOTHI B yCTAaHOBKAaX
CBEPXBBICOKOT'O HANPSKEHUS

8 [TpakTuueckas padora Ne 8. 4
3amura OT CTaTMYECKOro JJIEKTPUYECTBA. 3aluTa
PIIEKTPOYCTAHOBOK, 3JJaHUM U COOPYKEHHMH, a TaKkXe
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TEPPUTOPUI  MPOMBIIUICHHBIX — MPEANPHATHA  OT
OTIaCHBIX BO3/ICHCTBUI arMocdepHoro
DIICKTPHYECTBA.
Hroro 3a 8 cemectp: 24 2

4. Cooepirrcanue npakmuueckux paoom

Ilpakmuueckasa paooma Ne 1
QOobecneuenue padomHuKo8 cpeocmeamu UHOUBUOYATbHOU 3AUiUM bl

OcHoeul meopuu:

OcHOBHbBIE IOHATHS:

Cpeocmea unousuoyanvnoii 3augumot (CHU3) pabomaroujux — cpeacTna
WHIUBUTYJIBHOTO UCIIOIB30BAHUS JIJIS TIPEIOXPaHEHUs pabOTaIOMEro OT
JICHCTBUS ONACHBIX U BPEIHBIX MPOU3BOJICTBCHHBIX (PaKTOPOB.

CpenctBa unauBuayanbaoi 3amuTel (OCT 12.4.011-89) B
3aBUCUMOCTH OT HA3HAYCHUS MTOAPA3ACIISIOT Ha KIACCHI:

e KOCTIOMBI H30JUPYIOIIHNE;
CpEACTBA 3aIUThl OPTaHOB JABIXaHMUSI;
0JIeXKa 3alIUTHAs Crel[uaibHas;
CpeICcTBa 3aIUThI HOT;
KOCTIOMBI H30JIUPYIOIINE;
CpEACTBA 3aIUThl OPTAaHOB JABIXaHMUSI;
OJIeK7Ia 3alUTHAs CIeI[uaIbHas;
CpeICcTBa 3aIUThI HOT;
CpeICTBa 3aIIHTHI PYK;
CpeJICTBa 3aIIUTHI TOJOBBI;
CpelCTBa 3alIHUThHI JIHIIA;
CpeICcTBa 3aIlMTHI TJIa3;
CpelICTBa 3aIlMThl OpraHa ClIyXa,
CpeICTBa 3aIMTHI OT MAJICHUS C BHICOTHI U IPYTHUE MPEAOXPAHUTEIIBHBIC
CpeICTBa;
CpEeIICTBa IEPMATOJIOTHUECKOM 3allIUTHI;
® CpeACTBa 3alUThI KOMIUICKCHBIC.

CpencTBa MHAMBUAYAIBHON 3alUTHI CIIEYET IPUMEHATh B TEX CIydasx, KOrjaa
0€e30MacHOCTh paboOT HE MOXKET OBITh 0OecredeHa KOHCTPYKIUe 000py0BaHus,
OpraHu3alifen Mpou3BOJCTBEHHBIX MPOIIECCOB, APXUTEKTYPHO-TIFIAHUPOBOUHBIMU
PEIICHUSIMU U CPEACTBAMH KOJUIEKTUBHOMN 3alUTHI.

Knaccudukamus cpeacts unauBuayaiabHoii 3ammuTel (TOCT 12.4.011-89):




CW3 ronoss! E CW3 rnas n nmua

CU3 pobixanus

CH3 ot napenwi 3auwmTHan ogexaa:

- CHrHanbHas ofiexaa
- TepMOCTOHKaR
- XHMHYECKM CTOWKaR
- Apyras

Pa6oyas onexna

3awmrHan o6ysb

1. KocTioMBI H30JIHpPYIOLIIHE:
- IHEBMOKOCTIOMBI;
- TUAPOU3OIUPYIONTHE KOCTIOMBI;
- ckadaHIpBhI.
2. CpencrBa 3alllUTHI OPTAHOB IBIXaHUS:
- IPOTUBOTA3bI;
- pecnupaToph;
- caMocIiacaTeny;
- THEBMOIIIJIEMBI,
- THEBMOMACKHU;
- THEBMOKYPTKH.
3. Opexnaa cneuuajgbHAas 3AIIMTHAS
- TYJIyTIBI, TAJTBTO;
- MIOJIYNaJIbTO, MOJIYIIYOKH;
- HaKUJKW;
- TIJTATIM, TTOTYTLIAIIH;
- XaJaThl;
- KOCTIOMBI,
- KYpTKH, pyOamiku;
- OpIOKH, IIOPTHI;
- KOMOMHE30HbI, TOJTYKOMOUHE30HBI;
- JKUJICTHI,
- IU1aThsl, capadaHsbl;
- OJ1y3b1, IOOKH;
- bapryku;
- HaIUTCYHUKH.



4. CpeacTBa 3allUThI HOT':

- CaIlory;

- CaIloTH C YUIMHCHHBIM TOJICHUIIIEM;

- CaItoT¥ ¢ YKOPOUEHHBIM TOJICHHIIICM;

- ITOJTyCaIlory;

- OOTHHKU,

- IOTYOOTHHKU;

- Ty,

- OaXWJIbL;

- TaJIOIIIN;

- OOTHI;

- TalOYKH (CaHaJINMN);

- VHTBI, 9YBSIKH;

- IIIUTKH, 00TPOPTHI, HAKOJICHHUKH, TTOPTIHKH.
5. CpencrBa 3alIMTHI PYK:

- PYKaBHIIBI;

- IepYATKH;

- MMOJTyTICPYATKH;

- HallaJIbYHUKU;

- HaJIaJIOHHUKU;

- HaITyJIbCHUKH,

- HAPYKaBHUKH, HAIOKOTHUKH.
6. CpencrBa 3allMTHI F0JI0BBI:

- KaCKH 3alllUTHBIE;

- IIJIEMBI, HOIIIEMHUKH;

- IAIKK, OCPETHI, IS, KOJITAKH, KOCBIHKH, HAKOMapHHKH.
7. CpeacrTBa 3alllUTHI IJ1a3:

- OYKH 3alUTHBIE.
8. CpeacrBa 3alIUTHI JIHLA:

- IMTKHY 3aIIMTHEIE JTUIIEBBIE.
9. CpeacrTBa 3alIMTHI OpPraHa cJjyxa:

- MPOTUBOIIIYMHBIE IIJIEMBI,;

- POTHBOIIIYMHBIC BKJIABIIIH;

- POTHBOIIIYMHBIC HAYIITHUKH.
10.CpeacTBa 3a1uMTHI OT NAJA€HNsI C BLICOTHI U Ipyrue

NpeoXpaHuTeIbHbIE CPEICTBA:

- MpeIOXPaHUTEIBHBIC TTOSICA, TPOCHI,

- Py4YHBIE 3aXBaThl, MAHUITYJISITOPHI;

- HAKOJICHHUKH, HAJJOKOTHUKH, HAINICUHUKH.
11.CpencrBa nepmMaTo10ru4ecKue 3alUTHHIE:

- 3aIIIUTHBIE;

- OUMCTHUTEIN KOXKU;

- penapaTuBHBIE CPECTBRA.
12.CpeacrtBa 3a1lUThl KOMILJIEKCHbIE



Br100op konkpernbix moaeseit CU3

Ne i/ | CpencrBa HHAMBHAYAJIbHON 3a1IIUTHI I'oCT
1 CpencTBa MHAMBUYaTbHON 3aIATHI I'OCT 12.4.034-2001;
opranoB nbixanust (CU30/1) I'OCT 12.4.174-87;
I'OCT P UCO 11611-2011;
I'OCT 12.4.028-76.
2 Cpencta uaauBuayanbaoi 3amutel | [OCT 12.4.001-80;
rJ1a3 U Juia I'OCT P 12.4.230.1-2007 (EH
166-2002) CCBT;
I'OCT 12.4.023-84;
I'OCT P EH 379-2011 CCFBT;
I'OCT P 12.4.238-2007.
3 CpencTBa MHAWBUYaTbHON 3aIIUTHI I'OCT P 12.4.208-99;
OpTraHOB CIIyXa I'OCT P 12.4.209-99;
I'OCT P 12.4.210-99.
4 CpencrTea MHAMBUAYATbHOW 3aIUATHI I'OCT 12.4.087-84;
T'OJIOBBI I'OCT 12.4.128-83.
5 CrnenmanbHas 3aimTHas O0eKaa I'OCT 12.4.016-83;
I'OCT 12.4.074-79;
I'OCT 12.4.073-79;
I'OCT 12.4.112-82.
6 CrnenuanpHas 3anuTHas 00yBb I'OCT 12.4.127-83;
I'OCT 28507-90;
I'OCT 12.4.162-85;
I'OCT 12.4.032-77;
I'OCT 12.4.050-78;
I'OCT 12.4.024-76.
7 CpencTsa 3alUThl PyK I'OCT 12.4.103-831'0OCT;

12.4.204-89;
I'OCT 12.4.010-75 CCBT.

IHopsinok BbINOJIHEHHsI padOThI:
1. TMonyuuTts 3aaHKe NpenoaBaTes.

2. Tlo3HaKOMHUTECSI C OCHOBHBIMH ITOHSITHUSIMU.

3. Ha ocunoBanuu ['OCT 12.4.011-89 mogoOpaTh HEOOXOIUMBIE CPENICTBA
WHUBUTyaJIbHON 3aIIUTHI pa0OTAIOIIETO MepCOHaIa M KOHKPETHBIC MOJIEIN
CH3 ¢ ykazaHreM MapKUPOBKH, C YIETOM HAJIMYUS OTIACHBIX M BPEIHBIX
MIPOU3BOICTBEHHBIX (haKTOPOB.

o s

OTtueT MOATrOTOBHUTE B Buie TaOIUIIBI Ne 1.
3anoJIHUTh JIMYHYIO KapTOUKy yuera Bbiiaun CHU3 Ha OCHOBAaHMU TUIIOBBIX

(TUTIOBBIX OTPACIEBBIX) HOPM.
6. OTBETUTH Ha KOHTPOJIBHBIE BOTIPOCHI.
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Tabnuya Ne 1.

HaumenoBanue HaumenoBanue CpenctBa
npodeccuu (JT0JKHOCTH) ITPOU3BOJICTBEHHOI'O VHIMBUTyaJIbHOU
¢dakTopa 3alUTHI

damumnusa

Jluyesas cmopora nuuHolt Kapmouxku

JINYHAS KAPTOUYKA Ne
Yuyera Bpigauu CU3

Ilon

J40¢:

TabenbHbIN HOMED

OT4ecTBO

Poct

Pa3mep onex bl

CtpyKTypHOE MopasieneHne
[Tpodeccus (T0mKHOCTB)
Jlata moctyruieHus Ha padoTy
Jlata m3mMeHeHus mpodeccuu (JOHKHOCTH) WK TIepeBoa
B JIPYTO€ CTPYKTYpPHOE IOIpa3IelICHIE

[IpenycmoTpena Bbgayva:

1018)%:37

lNonoBHoro yoopa

IIporuBorasa

Pecnimparopa
Pykasuig

[Iepuarok

(HanMeHOBaHME THIOBHIX (THIOBBIX OTPACIEBBIX) HOPM

HaumenoBanue CU3

ITyHKT T

HUITIOBBIX

HOPM

Enununa HU3MCPCHUMA KomnunuectBo Ha roma

PykoBoauTens CTpyKTYpHOTO MOPa3AEIICHHS (Damunus,
VHUITUATBI)
(Toamuce)
Obopomnas cmopona 1u4HOU KapmoyuKu
Haunmeno | Ceptudux Briano BosspameHo
BaHHe ar nata Koma-Bo % Pacnucka B nara Koi-Bo % Pacnucka | Pacnucka B
CHU3 COOTBETCTB H3HOCa TOJIyYEHUU HM3HOC | CIABIIETO rnpuemMe
ust Ne a
1 2 3 4 5 6

CornacHo «IIpaBuiaM TeXHUKHU 0€30MACHOCTH NMPH IKCILIYaTAIUH
3jiekTpoycTaHoBok norpeouresei (I1116-C 1984)» mpu paborax B
AIIEKTPOYCTAHOBKAX CJIEAYET MPU HEOOXOAUMOCTH MPUMEHSTH TAKHE CPEICTBA




WHAVNBUYaIbHOMN 3alIUTHI, KaK OYKU, KACKU, NPOMUB02A3bl, PYKABUYDLL, 00eHCOA
CReYUuaIbHasL 3aWUMHast (KOMIIEKmMbl OJisl 3auUmsl 0N 3J1eKMPUEcKol 0yeu),
npeooxparHumenvbHbvle MOHMePCKue nosica U CMpaxo80yHvle KaHamul.

KoHTpoJibHBbIE BOIPOCHI
1. Kak xknaccuuumpyrorcs cpeAcTBa MHANBUAYATbHOMN 3alUTHI
paboTtarommx?
2. HazHaueHue cpeiCTB MHANBUAYATHHON 3alIUTHI pabOTaONINX.
3. Knaccudukanusa CU3 no 3auTHOMY Ha3HAUYEHUIO.
4. Kax momoOpaTh cpeAcTBa HHANBUAYATBHON 3alTUTHI IPU SKCIUTyaTaIllH
AIEKTPOYCTAaHOBOK MOTpeOuTeneii?

Ilpakmuueckaa paboma Ne 2
Buvioop cpeocme konnexkmuenoi 3auiumal

Hean: 3akpenuTh 3HAHUS MO BBIOOPY CPEACTB KOJUIEKTUBHOM 3al[UThI
paboTaIUX € Y4YEeTOM HAJIUYUSl OMACHBIX M BPEIHBIX IPOU3BOJICTBEHHBIX
(bakTopoB.

OcHogvl meopuu:

MarepuajbHO-TEXHHYECKOE O0ecneyeHue NPaKTH4ecKou padoThl:
Harmsiiabie mocoOust OTHOCSIIUECS K CPEICTBAM 3allUThI TIPU padboTe ¢
AIEKTPOYCTAHOBKAMH: 3HAKH 0€30MaCHOCTH, OTPAIUTEIbHBIE YCTPOUCTBA;
YCTPOMCTBAa aBTOMATUYECKOT'O0 KOHTPOJISI U CUTHAIA3ALUN; H30JIUPYIOIIHE
YCTPOMCTBA U MOKPHITUS; YCTPONCTBA 3alIUTHOTO 3a3€MJICHUS U 3aHYJICHHUS;
YCTPONCTBA aBTOMATUYECKOI'O OTKITFOUEHUS.

HUcnoab3oBanue HarasiaHOCTH, TCO u AMIAKTHYECKOT0 MAaTEepHAJIa:

1K, mpoekTop, 3kpan. [Ipesenranus PowerPoint “Cpencta KOIIEKTUBHON
3alIUThl HA PENPUATHUIX)», CIIPABOYHAs JIUTEpaTypa, pa3gaTOUHbIA MaTepHall.
OcCHOBHbBIC IOHATHS

Cpeocmea 3auumel padomaruwiux — TEXHUUECKUE CPEICTBA, UCTIOJIb3YEMBIE JJIsI
MIPEIOTBPAIICHUS WJIM YMEHBIIIEHUS BO3/ICHCTBYS HA pAOOTHUKOB BPEIHBIX U
OTIaCHBIX TIPOU3BOJICTBEHHBIX (PaKTOPOB, a TAKXKE 3AIIUTHI OT 3arPsI3HCHMUSI.

Br160p cpeacTB KOJUIEKTUBHON 3alIUTHI JOKEH MIPOUCXOIUTH B COOTBETCTBUU C
I'OCT 12.4.011-89.

CpeacrBa KOJUIEKTHBHOM 3aIlUTHI B 3ABUCUMOCTH OT HA3HAYEHUS

MOAPA3ACJISIIOT HA KJIACCHI:

- CPEACTBA HOPMAJIM3AIMH BO3AYIITHOW CPEABI IMTPOU3BOJACTBEHHBIX TOMEIIIEHUMN U
pabouyux MecT (OT MOBBIIIEHHOTO WJIM MOHMKEHHOTO 0apOMETPUYECKOTO
JaBJICHUS U €r0 PE3KOro U3MEHEHHUS, OBBILIEHHON WM NOHMKEHHOM BJIaYKHOCTH
BO3/yXa, IOBBIIIEHHOW MM MTOHM>KEHHON HOHU3allMU BO31yXa, NOBBILIEHHON WIH
NOHWKEHHOW KOHIEHTPALMU KUCIOPO/a B BO3/1yX€e, HOBBILIEHHON KOHLIEHTPAIMU
BPENIHBIX a’p030JIEl B BO3YXE);



- CpeACTBa HOPMAJTU3AIIMK OCBEILIEHHUS TPOU3BOACTBEHHBIX TOMEIICHUHN U
pabouux MecT (MMOHUKEHHOM SIPKOCTU, OTCYTCTBHUS UM HEAOCTaTKA
€CTECTBEHHOT'O CBETAa, MOHM>KEHHON BUJIUMOCTH, TUCKOMGMOPTHOMN WM CHEeMse
0JIECKOCTH, MTOBBIIIEHHON MYJIbCAIIMA CBETOBOTO MOTOKA, MTOHM>KEHHOT'O UHJIEKCa
[[BETOIEpEIayun);

- CpEACTBA 3aIUTHI OT MOBBIIIEHHOTO YPOBHSA HOHU3UPYIOUIUX U3TYyUCHUH;

- CpEeACTBA 3alTUTHI OT TOBBIIEHHOTO YPOBHS WH(PPAKPACHBIX H3ITYUCHUM;

- CpeJICTBA 3aIlUTHI OT MOBBIIIEHHOTO WM MOHMKEHHOTO YPOBHS
yIbTPaUOTIECTOBBIX U3ITyUICHHI;,

- CpEeJICTBA 3aIlUTHI OT MOBBIIICHHOTO YPOBHS JIEKTPOMArHUTHBIX U3Ty4YCHHU;

- CpEeJICTBA 3allUTHI OT MOBBIIICHHOW HAMPSHKEHHOCTH MAarHUTHBIX U
ANEKTPUYECKUX TOJIEH;

- CpEeJICTBA 3aILUTHI OT MOBBIILIEHHOTO YPOBHS JIA3€PHOTO U3IIYUYEHNUS,

- CpEIICTBA 3aIlUTHI OT MMOBBIIIEHHOTO YPOBHS IIyMa;

- CpE/CTBA 3aIUTHI OT MOBBIIIEHHOTO YPOBHS BUOpaluu (00IIei 1 JIOKaIbHO);
- CpEeJICTBA 3aIlUTHI OT MOBBIIIEHHOTO YPOBHS YIbTPa3BYKa;

- Cpe/CTBA 3aIlUTHI OT MOBBIIIEHHOTO YPOBHSA UH(PPa3BYKOBBIX KOJICOaHUH;

- CPEJICTBA 3aILUTHI OT MOPAXKEHHUS IIEKTPUUECKUM TOKOM;

- CpEJICTBA 3aILHUTHI OT MOBBIILIEHHOTO YPOBHS CTATUYECKOTO 3JIEKTPUYECTBA;

- CpEeJICTBA 3aIlUTHI OT MOBBIIICHHBIX WU TOHUKEHHBIX TEMIIEPATYP
MOBEPXHOCTEN 000PYI0BaHUsI, MATEPUAIIOB, 3aTOTOBOK;

- CpEeJICTBA 3aIlUTHI OT MOBBIIICHHBIX UM MOHUKEHHBIX TEMIIEpaTyp BO3AyXa U
TEMIIEPATYPHBIX MEPEMaIOB;

- CpEeJICTBA 3allUTHI OT BO3JEHCTBUS MEXaHUUECKUX (haKTOPOB (IBIKYIIUXCS
MAIlIMH U MEXaHU3MOB; TTOJABUKHBIX YaCcTel MPOU3BOJCTBEHHOTO 000PYyI0BaHUs U
UHCTPYMEHTOB; EpPEMENIAIOIINXCSA U3IEINI, 3ar0TOBOK, MAaTEpUAIIOB; HAPYIIECHUS
IIEJIOCTHOCTH KOHCTPYKIIMI; OOPYIITUBAIOIIMXCSA TOPHBIX MOPOJT; CHITYIHX
MaTepualioB; MaIAI0IIUX C BBICOTHI TPEAMETOB; OCTPHIX KPOMOK U
IIEpPOXOBATOCTEH MTOBEPXHOCTEHN 3ar0TOBOK, MHCTPYMEHTOB U 000PY10BaHUS;
OCTPBIX YTJIOB);

- CpEeACTBA 3aIUTHI OT BO3JCHCTBUS XUMHUYECKUX (PAKTOPOB;

- CpEeCTBA 3aIUTHI OT BO3JCHCTBUS OMOJIOTHYECKUX (DAKTOPOB;

- CPEACTBA 3aLUTHI OT MaJCHUS C BBICOTHI.

CpencTBa KOJUIGKTUBHOM 3allIUTHI PAOOTAIOIUX KOHCTPYKTUBHO JTOJKHBI
OBITH COEIMHEHBI C IPOU3BOICTBEHHBIM 000PYI0BAHUEM WUJIU €0 AJIeMEHTaMuU
yIpaBJICHUs] TAKUM 00pa3oM, YTOOBI, B ClIydyae HEOOXOAUMOCTH, BOZHUKIIO
OPUHYIUTEIBHOE JEHCTBUE CPEACTBA 3ALTUTHI.

JlormycKkaeTcs MCIOIb30BaTh CPEACTBA KOJUICKTHBHOW 3aITUTHI B KAUECTBE
AJICMEHTOB YIIPABJICHUS IS BKIIFOUCHUS M BBIKJIFOUCHUS TIPOU3BOACTBEHHOTO
o0opynoBaHuUs

CpencTBa KOJUIGKTHBHOM 3alTUTHI pa0OTAONIUX JOJIKHBI OBITH PACIIOJIOKEHBI
Ha TIPOM3BOJACTBEHHOM 00OPYIOBAaHUH HIIM Ha pab0deM MeCTe TaKuM o0pa3om,
9YTOOBI TOCTOSTHHO 00eCIIeYrBaIach BO3MOKHOCTh KOHTPOJIS €ro PabOTHI, a TAaKKe

0€30MacHOCTh yXOJa U PEMOHTA
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CpencrBa KOJJIEKTUBHOM 3a1IUTHI
(I'OCT 12.4.011-89 CCBT. CpeacrBa 3amuThl padoraomux. Ooume
TPeOOBaHUS U KJIACCH(PUKAIUA)

1. K cpeancrBam HOpMaJIM3alMu BO3YUIHOM CpeAbl MPOU3BOACTBEHHBIX
NoMeIleHNH U pado4YuX MeCT OTHOCATCS YCTPOMCTBA JIJIst:
Mo//Iep KaHusl HOPMUPYEMOW BETMYMHBI 0aPOMETPUUECKOTO AaBICHMUS;
BEHTWSILIMMA U OYUCTKHU BO3yXa;
KOHJIULIMOHUPOBAHMSI BO3AYXa;
JIOKAJIM3allUu1 BPEAHBIX (DaKTOPOB;
OTOIJICHUS;
ABTOMATUYECKOT0 KOHTPOJIS U CUTHAJIM3ALINH;
N€3070paluy BO31yXa.
2. K cpeacrBamM HOpMAIU3aIMU OCBEICHUS IPOU3BOACTBECHHBIX IIOMCIICH Ml
U pado4nx MeCT OTHOCATCS:
UCTOYHHKH CBETA;
OCBETUTEJIbHBIE IPUOOPHL;
CBETOBBIE IPOEMBI;
CBETO3aILUTHBIE YCTPOKCTBA;
CBETO(QUIIBTPBI.
3. K cpeacrBam 3aliuThl OT NOBBIIICEHHOT0 YPOBHS HOHU3HPYOINX
U3JIyYeHHd OTHOCATCS:
OrpaJiuTeNIbHbIE YCTPOMCTBA;
MpeaypeAUTENIbHbIE YCTPOICTBA;
TEPMETU3UPYIOIINE YCTPOUCTBA;
3alIUTHBIE OKPBITHS;
YCTPOMCTBA YJIABJIMBAHUS U OUMCTKHU BO31yXa U )KUIKOCTEN;
CpelCTBa JI€3aKTUBALINH;
YCTPOMCTBAa aBTOMAaTUYECKOI'O0 KOHTPOJIS;
YCTPOMCTBA JUCTAHIMOHHOTO YIIPaBJICHUS;
CpEZICTBA 3aIMTHI IPU TPAHCIIOPTUPOBAHUYU U BPEMEHHOM XPaHEHUU
PaIMOaKTHUBHBIX BEIIECTB;
3HAaKH 0€30MaCHOCTH,
€MKOCTHU PaJIMOAKTUBHBIX OTXOOB.
4. K cpeacrBam 3alUThI OT NOBBIIIEHHOT0 YPOBHSI MHPPAKPACHBIX
U3JIyYEeHU OTHOCATCH yCTPOlCcTBA:
OrpaJiuTeIIbHbIE;
repMETU3UPYIOILUE;
TEIJIOU30JIMPYIOIIHE;
BEHTWISIIITUOHHBIE;
ABTOMATUYECKOTO KOHTPOJIS U CUTHAJIM3ALINH;
JUCTAaHIMOHHOTO YIIPAaBJICHUS;
3HaKH 0€30MacHOCTH.
5. K cpeacTBam 3alMTHI OT NOBBIIIEHHOT0 MJIA IOHUKEHHOT0 YPOBHS
yIAbTPaGuoIeTOBBIX H3JIyYEeHUH OTHOCATCH YCTPOMCTBA:
11



OTpaJIUTENbHBIE;
JUI BEHTWISILIUM BO3/1yXa;
aBTOMATUYECKOT0 KOHTPOJISl U CUTHAJIU3ALINY;
JUCTAaHLIMOHHOIO YIIPaBJIECHMUS,;
3HaKM 0€30I1aCHOCTH.
6. K cpencrBaM 3a1IUThI OT MOBBIIIEHHOT0 YPOBHS 3JIEKTPOMATHUTHBIX
U3JIYYEeHUI OTHOCATCSH:
OrpaJiuTeNIbHbIE YCTPOMCTBA;
3aIIUTHBIE TTOKPBITHUS;
TrEPMETU3UPYIOIINE YCTPOUCTBA;
YCTPONCTBA aBTOMATUYECKOIO KOHTPOJIA U CUTHAIM3ALUY;
YCTPOMCTBA TUCTAHIMOHHOTO YIIPABJIEHUS;
3HaKHM 0€30IaCHOCTH.
7. K cpeacrBam 3aliUThHI OT HOBBIIIECHHON HANPSKEHHOCTH MATHUTHBIX U
JJIEKTPUYECKHUX I10JIeil OTHOCATCSH:
OrpaJiuTENIbHBIE YCTPOMCTBA;
3aIUTHBIE 3a3€MIICHHUS;
U30JIMPYIOIUE YCTPONCTBA U IOKPBITHUS;
3HaKH1 0€30I1aCHOCTH.
8. K cpeacrBam 3alMThI OT NOBBIIIEHHOT0 YPOBHS JIA3€PHOI0 U3J1y4YeHUS
OTHOCSITCSH:
OrpaJiuTeNIbHbIE YCTPOMCTBA;
MPEIOXPAHUTENbHBIE YCTPOMCTBA;
YCTPONCTBA aBTOMATUYECKOTO KOHTPOJIA U CUTHAJIM3ALUY;
YCTPOKCTBA TUCTAHIMOHHOTO YIIPABIEHUS;
3HaKM 0€30MacHOCTH.
9. K cpeacrBam 3aliMTHI OT NOBBIIIEHHOT'0 YPOBHS LIIyMAa OTHOCATCH
ycTpoicTBa:
OrpaJiNTEIIbHBIE;
3BYKOM30JIMPYIOLINE, 3BYKONOTJIOIIAOIIHNE;
[ITYIIUTENN IIyMa;
ABTOMATUYECKOTO KOHTPOJIS U CUTHAJIM3ALINH;
JUCTAaHIIMOHHOTO YIPaBJICHUSI.
10. K cpeacTrBaM 321U ThI OT MOBBIILICHHOT0 YPOBHS BUOPAlUM OTHOCATCS
yCTpoiicTBa:
OrpaJiuTeIIbHbIE;
BUOPOU30JMPYIOIINE, BUOpOracsilye 1 BUOPOIOTIIONIAIOIINE;
ABTOMATUYECKOTO KOHTPOJISl U CUTHAJIM3ALINH;
JUCTAaHIMOHHOTO YIIPaBJICHUS.
11. K cpeacrBam 3aliuThI OT MOBBILIEHHOI0 YPOBHSA YJIbBTPA3BYKa OTHOCATCS
ycTpoiicTBa:
OrpaJIuTEIIbHBIE;
3BYKOM30JIUPYIOLINE, 3BYKONOTJIOIIAOIIHNE;
ABTOMATUYECKOTO KOHTPOJIS U CUTHAJIM3ALINH;
JUCTAaHLMOHHOTO YIIPaBJICHUS.
12



12. K cpeacTBaM 3a10MThl OT MOBBIILIEHHOT0 YPOBHS HH(PPA3BYKOBBIX
KOJIeOAHUI OTHOCATCH:

OrpaJiuTeNIbHbIE YCTPOMCTBRA;

3HAKU O€30MaCHOCTH.

13. K cpeacTBaM 321U THI OT MOPAKEHHUS JJIEKTPHUYECKUM TOKOM OTHOCHTCH:
OrpaJiuTeNIbHbIE YCTPOMCTBA;

YCTPOMCTBAa aBTOMaTUYECKOTO KOHTPOJISL U CUTHAIIA3AIUY;
M30JIUPYIOIIHUE YCTPOMCTBA U MOKPBITHUS;

YCTPOMCTBA 3alIUTHOTO 3a3€MJICHHS U 3aHYJICHUS;

YCTPOMCTBA aBTOMaTUYECKOTO OTKJIIOYEHUS,

YCTPOMCTBA BIPABHUBAHUS TOTEHIIMATIOB U MTOHMYKECHUS HATTPSIKEHUS,
YCTPOMCTBA TUCTAHIIMOHHOTO YIIPABJICHUS;

IpEeAOXPAaHUTEIIbHBIE YCTPOMCTBA;

MOJIHUEOTBOABI U PA3PSIIHUKY;

3HAKW O€30MaCHOCTH.

14. K cpeacTBam 3alIUTHI OT NOBBINNIEHHOT0 YPOBHS CTATHYECKOT0
3JIEKTPUYECTBA OTHOCATCH:

3a3eMJISIOLIUE YCTPOUCTBA;

HEWUTPaIU3aTophI;

YBIIQXKHSIOIINE YCTPOUCTBA;

AHTUDRJIEKTPOCTATUUECKUE BEIIECTBA;

SKPaHUPYIOIINE YCTPOMCTBA.

15. K cpeacTtBaM 3a1MThI OT MOHUKEHHBIX WJIH MOBBIIIEHHBIX TEMIIEPATYP
NMOBEPXHOCTENH 000PY/10BAHNSI, MATEPUAJIOB M 3aT0TOBOK OTHOCSTCS
ycTpoiicTBa:

OTpaJIUTEIbHBIC;

ABTOMATHUYECKOI'0 KOHTPOJISI U CUTHAIIN3AIUY;

TEPMOU30JIUPYIOLIUE;

JUCTAHIIMOHHOTO YTIPABJICHUSI.

16. K cpeacTtBaM 321U ThI OT MOBBIIIEHHBIX I MOHMKEHHBIX TEMIIEPATYP
BO3/1yXa M TeMIIEPATYPHBIX NepPenajioB OTHOCATCS yCTPOiicTBA:
OTpaJIUTEIbHBIC;

ABTOMATHYECKOTI'0 KOHTPOJISI U CUTHAJIM3AIUY;

TEPMOU3OJIUPYIOIITHUE;

JUCTAHIIMOHHOTO YIIPABJICHUS;

JUTSL paIMalliOHHOTO 000TPEBa U OXJIAXKICHHUS.

17. K cpeacTrBaM 32U ThI OT BO3/1eiiCTBUS MEXAHUYECKUX (PAKTOPOB
OTHOCHATCH yCTPOiCTBA:

OTpaJIUTEIbHBIC;

ABTOMATHUYECKOI'0 KOHTPOJISL U CUTHAJIU3AIUY;

MPEOXPAHUTEIIbHBIC;

JUCTAHIIMOHHOTO YTIPABJICHUS;

TOPMO3HBIE;

3HAKW O€30TaCHOCTH.
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18. K cpeacTBaM 3a1iMThI OT BO3AECTBUS XUMHUYECKHUX (DAKTOPOB OTHOCATCS
ycTpoicTBa:

OTPAIUTEIBHBIC;

ABTOMATUYECKOT0 KOHTPOJIS U CUTHAIU3AI1H;

repMETU3UPYIOIINE;

JUJIs1 BEHTWISILIUM U OYMCTKU BO3/1yXa;

JUISL yJTalIeHHUs] TOKCUYHBIX BEIIECTB;

JUCTAHIIMOHHOTO YTIPABJICHUS;

3HAKU 0€30MacCHOCTH.

19. K cpeacrBam 3aliuThl OT BO3/AelicTBUSI O0MOJIOrHYeCKUX (PAKTOPOB
OTHOCATCS:

000pynoBaHuE U TIpenapaThl A1 1e3uH(EKINH, IE3UHCEKIIUN, CTEPUITU3ALINH,
JepaTU3alny;

OTpaINTEIbHBIE YCTPOUCTBA;

repMETU3UPYIOIINE YCTPOUCTBA;

YCTPOMCTBA 151 BEHTUJIALIMU U OYMCTKH BO3/1yXa;

3HAaKH 0€30MaCHOCTH.

20. K cpeacTrBam 3alIUTHI OT MAaJleHUSI ¢ BLICOTHI OTHOCSTCS:
OTPAXKJICHUS,

3aIIMTHBIC CETKU,

3HAKH 0€30MacCHOCTH.

CpencrBa 3a1IMTHI B 3JIEKTPOYCTAHOBKAX

DJIeKTPO3aIIUTHBbIE CPeACTBA — (TIPEIMETHI), KOTOPBIE CITYXKAT JJIS 3aIlUThI
JOJIEN OT MOpaKEHUs PICKTPUUECKUM TOKOM, BO3JEHCTBUS AIIEKTPUUECKON TyTH
WM 3JIEKTPOMArHUTHOTO TIOJISI PU paboTax B DJIEKTPOYCTAHOBKAX.

OcHOBHBIE TEpMUHBL, TPUHATHIE B [ [paBriax
Tepmun Omnpenenenue

CpenctBo, NpUMEHEHHE KOTOPOT0 MPEA0TBPAILAET WIN
YMEHbILIAET BO3AEMCTBHE HA OJTHOTO Uiu OoJiee
pabOTaOIIKUX OMACHBIX U (UJM) BPEIHbBIX
MIPOU3BOICTBEHHBIX (haKTOPOB

CpencTBa 3alUThI

CpenctBa ciayxalye AJis 3alUThI JTI0AeH, paboTaromuX ¢
DIIEKTPO3aLIUTHBIE AIEKTPOYCTAHOBKAMU, OT MOPAKEHHS IEKTPUUECKUM
cpelcTaa TOKOM, OT BO3JCHCTBUS DJICKTPUYECKON AYyTU U
AJIEKTPOMArHUTHOTO OIS

CpeI[CTBa 3allUThI, U30JIAIUA KOTOPBIX JJINTCIBHO

OCHOBHBIE

BBIZICP)KMBAET pabouee HANPSDKEHHE YJIEKTPOYCTAHOBOK U
AJIEKTPO3AIIUTHBIC

KOTOPBIE MO3BOJISIOT MPUKACATHCS K TOKOBEYIIIUM
CpencTBa

JacTAM, HaXOOAIUMCS IO HAIIPSAKCHUEM

JlononuutenbHble  CpeacTBa 3alMThl, KOTOPbIE CaMU MO ce0e HE MOTYT MpPHU
AIIEKTPO3AIIUTHBIE JaHHOM HAMpPsDKEHUU 00ECTEUUTD 3aIUTY OT MOPAKEHUS
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CpcaCTBa TOKOM, a IPUMCHAIOTCA COBMCCTHO C OCHOBHBIMHA
QJICKTPO3alIUTHBIMHA CPCACTBAMHA

Hampsixenue Mexay AByMs TOUKaMH TSN TOKa,
Harnpsixenue mara HaXosSIIMMUCS OJIHA OT IPYroil Ha pacCTOSTHUY 111ara, Ha

KOTOPBIX OJHOBPEMEHHO CTOUT YEJIOBEK
Cornacno «IIpaBuiam TeXHUKH 0€30MACHOCTH MPH IKCILIYyaATANNH
3JeKkTpoycTanoBok morpeouresneii (II16-C 1984)» mpu padborax B
AIEKTPOYCTAaHOBKAX K 3JIEKTPO3AMUTHBIM CPEJICTBAM OTHOCSITCS:
M30JIUPYIOIIUE IITAaHTY (ONIEpaTUBHBIC, ISl HAJTOKEHUS 3a3€MJICHUS],
M3MEPUTEBHBIE), U30JIUPYIOIINE (I ONepaliid ¢ MPEOXPAHUTEISIMU) U
AIEKTPOU3MEPUTEIBHBIC KIICIIH, YKa3aTeIN HAIPSIAKEHUS, YKa3aTeJIn HApsHKEHUs
U1t pa3upOBKHU U T. 11.;

e M3OJIUPYIONIME YCTPOUCTBA U MPUCIIOCOOICHUS 11 PEMOHTHBIX padOT MO/
HanpsbkeHreM Boiie 1000 B u cnecapHO-MOHTaXHBII HUHCTPYMEHT C
U30JIUPYIOIIUMHU PYKOSITKAMHU JUTsl pa0OTHI B AJIEKTPOYCTAaHOBKAX
Hanpspkenuem 10 1000 B;

o JIUPJICKTPUYECKHUE NIEPUATKH, OOTHI, TAIOIIH, KOBPbI, H30JIUPYIOITUE
HAKJIQJKU U TIOJICTaBKU;

e HHJUBHUAYaJIbHBIC SKPAHUPYIOIINE KOMIUICKTHI,

o TIEPEHOCHBIC 3a3€MJICHUS;

e OrpaJuTEIbHbIC YCTPOUCTBA U AUIICKTPUUCCKHUE KOIMAKH;

o IUIAKATHl U 3HAKU OE€30MaCHOCTH.

K 0CHOBHBIM 3JI€KTPO3aIIUTHBIM CPEACTBAM JIJIs1 paOOTHI B AJIEKTPOYCTAHOBKAX
HanpspkenueM Beimre 1000 B otHocsTCs:

e U30JUPYIOIIUE IITAHTH, U30JUPYIONINE U JICKTPOU3MEPUTEIIbHBIC KIICIIIH,
yKa3aTely HaIpsKEHUs, yKa3aTeIu HapsDKeHUs 17151 (ha3supoBKY;

e M3OJIUPYIONIME YCTPOUCTBA U MpHUCIIOCOOIeHUH i padbot Ha BJI ¢
HEIMOCPEACTBEHHBIM MPUKOCHOBEHHEM JIEKTPOMOHTEPA K TOKOBEIYIIIUM
4acTsaM (M30JIMPYIOTUE JICCTHULIBI, TUIOIIAIKH, H30JIUPYIOIIUE TSTH,
KaHAThl, KOP3UHBI TEJIECKOMUYECKUX BBIIIECK, KAOMHBI JJIs1 pa0OTHI y
MPOBO/JIA U JIp.)

N3onupyromiye 4acTu OCHOBHBIX CPEJICTB 3aIIUTHI JIOJKHBI OBITH BBITIOJIHCHBI U3
AIIEKTPOU3OJISIIMOHHBIX MAaTEPUATIOB C YCTOMYMBBIMU JUAJIEKTPUUESCKUMU
cBoricTBamu (13 papdopa, OyMakHO-0aKEIUTOBBIX TPYO, 700HUTA, TETUHAKCA,
JPEBECHOCIOUCTHIX IIACTUKOB, MJIACTUYECKUX U CTEKIIOATIOKCHIHBIX MaTEpHUaIOB
UT. I.).

Marepuaisl, norjoiaronme Biaary (OyMakHO-0aKeIMTOBbIE TPYOBI, 1€PEBO U
1p.), TOJDKHBI OBITH MMOKPBITHI BJArOCTOMKHAM JIJAKOM U UMETH TJIAIKYIO
MMOBEPXHOCTH O€3 TPEIINH, PACCIIOCHUH U IapaIyH.

K 10ono/iHUTEeILHBIM DJIEKTPO3AIIUTHBIM CPEICTBaM, MPUMEHSIEMbBIM B
anekTpoyctaHoBkax HampsbkeHueM Boiie 1000 B, otHocsATCs:

o JIMPJICKTPUYECKHUE TIEPUATKH;

o JIUBJIEKTPUYECKHUE OOTHI;

o JIMPJICKTPUYECKHUE KOBPHI,
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e MHAWBUYaJIbHbIE SKPAHUPYIOIINE KOMIUIEKTHIL;

o M30JUPYIOUIUE MOACTABKU U HAKIIAJIKU;

o JIUDJIEKTPUYECKHE KOJMAKH;

e TEPEHOCHBIC 3a3€MIICHUS,

e OrpaJuTEIbHBIE YCTPOUCTBA;

o IUIAKATHl U 3HaKU OE€30MaCHOCTH.
K 0CHOBHBIM 3J1€KTPO3aIIUTHBIM CPEACTBAM, IPUMEHSIEMBIM B
anekTpoycTaHoBkax Hanpspkerrem n10 1000 B, otHocsTCs:

¢ H30JIUPYIOIIME ILITAHTH;

e H30JIUPYIOIINE U DJIEKTPOUZMEPUTENBHBIE KIICIIH;

e yKa3zaTelH HaNpsKEeHUS;

o JIMBJIEKTPUYECKHUE NIEPUATKH;

e CIIECAPHO-MOHTAXXHBI NHCTPYMEHT C U30JUPYIOIIUMH PYKOSTKAMH.
K D10omo/HUTeIbHBIM AJIEKTPO3AIIUTHBIM CPEICTBAM B 3JIEKTPOYCTaHOBKAX
Hanpspkerrem 10 1000 B otHocsTCs:

o JIMBJIEKTPUYECKHUE TAIOIIH;

o JIMBJIEKTPUYECKUE KOBPHI,

o IIEPEHOCHBIE 3a3E€MJICHUS;

e H30JIUPYIOIIME MMOJACTABKU U HAKIA/IKH;

e OIpaaUTEIbHBIE YCTPOUCTBA;

o IUTAKATHl U 3HAKU OE€30MAaCHOCTH.
Bb100p HEOOXOAMMBIX CPEJICTB 3AIUTHI IPH ONEPATUBHBIX NEPEKITIOYEHUSAX U
Opyrux padborax perinameHTupyetcs: HacTosiumu [Ipasunamu "I1Th npu
AKCIUTyaTalluy 3JIEKTPOYCTAHOBOK MOTpeduTeneil” u IpyrumMu
COOTBETCTBYIOIIMMH HOPMATUBHO-TEXHUYECKUMH JTOKYMEHTAMHU, a TAaKKe
OTIpe/IEeIIAETCS. MECTHBIMU YCIOBUSIMM Ha OCHOBAaHUHU TPeOOBaHUN ITHX
JOKYMEHTOB.
IIpu uCnosIb30BaHUM OCHOBHBIX CPEACTB 3aLUTHI JOCTATOYHO IPUMEHEHHUS
OJIHOTO JIOMOJHUTENBHOTO, 32 UCKIIFOUEHUEM CITy4aeB OCBOOOKICHUS
NOCTPAJABILIEro OT TOKA B 3JIEKTPOYCTAHOBKAX, KOI/IA JUIS 3aLIUThI OT
HaNpsHKEHUS 111ara He00X0AMMO MPUMEHSTH TaKKe OOThI MJIK TaJIoMIN.
CpencTBo 3alUThl IOJKHO OBITh PACCUMTAHO HA IMPUMEHEHHUE MPU HauOOoIbIIEM

J0IyCcTUMOM pabodem HanpsbkeHun saekrpoyctaHoBku (I'OCT 1516.1-76 u
20690-75).

IHopsigok BeIMOJIHEHHSI PadOTHI

1. TomyunTs 3a7aHUE TIPETIOABATETIS.

2. T1o3HaKOMHUTBECS C OCHOBHBIMHU ITOHATHSIMU.

3. Ha ocnoBanuu I'OCT 12.04.011-89 mogoOpaTh HEOOXOIUMBIE CPEICTBA
KOJUICKTUBHOM 3aITUTHI paOOTAIOMINX C 3JIEKTPOYCTAHOBKAMH C YYETOM
HAJIMYHS OMACHBIX U BPEAHBIX IPOU3BOJICTBEHHBIX (PaKTOPOB

Otuetr 0opMUTH B BUE TaOJIHII.

OTBeTHUTh Ha KOHTPOJILHBIC BOTIPOCHI.

o B
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Tabnuya 1

HaumenoBanwue npodeccun HaunmenoBanue CpencTBa KOIEKTUBHOM
(ToJKHOCTH) MIPOU3BOJICTBEHHOTO (pakTOpa 3alUTHI
Tabauya 2
OcHOBHBIE 2JIEKTPO3AIIUTHBIEC cpesicTBa | JJOMOTHUTENbHBIE AIEKTPO3AIUTHBIE
TUTsE pabOTBI B AJIEKTPOYCTAHOBKAX CpeICTBa, MPUMEHSIEMbBIC B
HanpspbkenreM Boimie 1000 B 3JICKTPOYCTAHOBKAaX HAIpPsHKEHUEM
Boire 1000 B

KoHnTposibHbIE BOPOCHI

Kak knaccuuumpyrores cpeacTBa 3aluThl pad0TarOMIHX ?

Ha3naueHnue cpeAcTB 3alIUThl paOOTAIOIINX.

[TpuHIMn BeIOOpa CPEACTB KOJUIEKTUBHOM 3alIUThI paOOTAOIINX.

[lepeuuncnure cpeacTBa KOJUIEKTUBHOM 3aIIUTHI pa00OTAIOMINX OT ACHCTBUS
AIEKTPUYECKOrO TOKA.

Hwnh e

Ilpakmuueckas paooma Ne 3
Memoowt u cpedcmea obecneuenus 311eKmpoode30naAcHocCmu

Hean: OnnaneHue OCHOBHBIMH METOJAMH M CpeICTBaMH oOecreueHus
0e30macHOCTH  MPU  IKCIUTyaTalldd  DJIGKTPOYCTAHOBOK W 3allldTa  OT

HEOJaronpusiTHOTO ACHCTBUS JICKTPUUECTBA
OcHogvl meopuu:

MarepuajbHO-TEXHHYECKOe o0ecneyeHue NPaKTHYeCKOM padoThl:
Harnsaasle nocoOust OTHOCAIIMECS K CPEACTBAM MHIAUBUIYAILHON U
KOJUJIEKTUBHOM 3aIIUTHI IPU paboTe C 3JEKTPOYCTAaHOBKAMMU: 3HAKH 0€30MaCHOCTH,
OrpaJiMTENIbHBIE YCTPOMCTBA; yCTPONCTBA aBTOMAaTUYECKOTO KOHTPOJIS U
CUTHAJIM3alUH; U30JIMPYIOLUE YCTPONCTBA U MOKPBITUS; IEpUaTKU U OOTHI
JIUDJIEKTPUYECKUE.

Hcnoan3oBanue HarasaaHocTH, TCO u AMAAKTHYECKOr0 MaTEepHAaJIa;

ITK, mpoekTop, 3xpan. [Ipeserranus PowerPoint “Cpenctea nHAMBH Iy aTbHOMN
3aIMATHI HA OPEeanpUATHAX», “CpencTBa KOJUIEKTUBHOM 3allUThI HA
OPEANPUATUAX», CIPABOYHAS JTUTEPATYPA, PA31aTOYHBIN MaTepurall.

OcHOBHBIE MOHATHS
JIeKTPO0e30MACHOCTh- CHUCTEMA OPTaHW3AMOHHBIX U TEXHUYECKUX
MEPOTIPUATHN U CPEJICTB, 00CCTICUMBAIONTUX 3AIIHUTY JTFOACH OT BPEIHOTO U
OTAaCHOTO BO3JCHCTBUS AJICKTPHUECKOTO TOKA, IJICKTPUICCKOM TyTH,
AIIEKTPOMATHUTHOTO T0JIs U cTaTudeckoro AekTpudecta (TOCT 12.1.009-82.
CCBT. Dnextpobe3omacHOCTh. TepMUHBI U OTIPEICTICHUS )
dyeKkTpU4YecKas 0€30MaCHOCTh BKJIKYAET B ce0sl TPaBOBbIE, COI[UATLHO-
PKOHOMUYECKHE, OPTaHU3aAIMOHHO-TEXHUYECKHUE, CAHUTAPHO-TUTUEHUIECKHE,
nedeOHO-TIpodunakTHIecKue, peabuIuTallMOHHbIE U MHBIE MEPONPUSTHUS.
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TpeOoBanus 3,1eKTPO0E30NACHOCTH H3JI0KEHBI B MeXOoTpaciieBbIX MTpaBUiIax 1o
oXpaHe Tpyza (IpaBuiia 0€30MaCHOCTH) IPU IKCILITyaTalluH 3JIEKTPOYCTAHOBOK,
[IpaBmiiax TEXHUYECKON HKCIUTyaTallMK JIEKTPOYyCTaHOBOK IOTpeOUTENEH,
I'OCTax u 1pyrux HOpMaTHUBHBIX [TPABOBBIX AKTAX.

TpeboBanusi, coepkalirecs B 3TUX aKTaX, paCIpPOCTPAHAIOTCS Ha BCEX
[Totpebureneii, pabOTHUKOB BCEX OpraHU3aluil, HE3aBUCUMO OT (HopM
COOCTBEHHOCTHU M OPTaHU3AIMOHHO-TIPABOBBIX (OpM, a Takke Ha (PU3UUECKUX
JIUL, 3aHATBIX TEXHUYECKUM OOCITY>)KMBAHUEM AJIEKTPOYCTAHOBOK, IPOBOSIINX B
HUX OIEPATUBHBIE NIEPEKITIOYEHUS, OPTAaHU3YIOUIUX U BBITOJHIIONIUX B
ANEKTPOYCTAHOBKAX MOHTAKHBIE, HAJIAJOYHbBIE, PEMOHTHBIE U CTPOUTEIIbHBIE
pabOThI, HCTIBITAHUSA U U3MEPEHHUS (FIEKTPOTEXHUYECKUN MTEPCOHAIT).
IoTpeduTenns — opranuzanuu Bcex GopM COOCTBEHHOCTH U OPTaHU3AIUOHHO -
IPaBOBbIX (HOPM, MHAMBUAYAIbHBIE IPEANPUHUMATENN U TpakJaHe (BJIaAEIIbLbI
ANEKTPOYCTaHOBOK HampsbkeHueM Beiiie 1000 B), skcrutyatupyronue
JEHCTBYIOLIUE 3JIEKTPOYCTAHOBKHY HanpspkeHUeM 10 220 kB BkitounTensHO
(IIT23I n.1.1.2).

JIEKTPOYCTAHOBKA - COBOKYITHOCTb annapaToB, MAIlUH, IPUCIOCOOIEHU,
JIMHUM U BCTIOMOTaTEeNIbHOTO 000pYy10BaHUs (BMECTE C COOPYKEHUSIMU U
OMEIIEHUSMH, B KOTOPbIX OHHU YCTAHOBJIEHBI ), IPEIHa3HAYEHHAs AJIs
MIPOU3BOICTBA, IPE0Opa3oBaHus, TpaHCc(hOopMaLK, IEpElayu, paclpeaeIICHUs
ANEKTPUYECKOM SHEPTHH U NpeoOpa3oBaHus €€ B IpYroil BUJ SHEPIHUH.

OnacHble n BPE€AHLIC IPOU3BOJACTBCHHBIC (l)aKTOpl)I, CBA3aHHBIC C
HCIIOJBb30BaAaHHUEM 3JIeKTpl/I‘-IeCKOI71 IHEPTHUMH.

@dakTOopaMH OIACHOTO U BPEAHOTO BO3JACUCTBHS HAa YEJIOBEKA, CBSI3aHHBIMH C
HCTIOJIb30BAaHUEM DJIEKTPUYECKON DHEPTHH, SIBIISIOTCS:
npomeKanue 1eKmpu4ecKko20 moKa 4epe3 OP2aHu3mM Yei068exa,
8030eticmaue INeKMpUudecKoll 0yeu,
8030eticmeue OU0I02U4ecKy aKMmUEHO20 INEKMPULECKO20 O,
8030eticmeaue OUOI02U4ecKY aKMUEHO20 MAHUMHO20 NOJIA,
go30elicmeue 31eKmpoCmamuiecko2o noJis,
8030elicmaue 31eKmpomMacHumHno2o usiydenus (IMHU).
Buosnornyeckn aKTUBHBIMU SIBJSAIOTCS JJIEKTPHYECKHE M MATHUTHBIE MOJIS,
HANPSAKEHHOCTh KOTOPBIX NMPEBbIIIACT MpeAeIbHO J0NYCTUMbIC YPOBHH
(ILAY) — rurneHn4ecKkre HOPMATUBHI YCJIOBUI TPy/A.
OrnacHble U BpeIHBIE MTOCIEACTBUS JI YEJIOBEKA OT BO3AEHCTBUS JIEKTPUUYECKOTO
TOKa, JJIEKTPUUECKOU TYT'H, HIEKTPUIECKOr0 U MAarHUTHOI'O TI0JIEH,
ANEKTPOCTATUYECKOTO NoJIst 1 DMU nposBAsAIOTCS B BUJE SJIEKTPOTPABM,
MEXaHUYECKUX MOBPEXACHUIN U npodeccnoHanbHbIX 3a00sieBanuil. CTeneHb
BO3/IEHCTBUSI 3aBUCUT OT SKCIO3UIUHU (haKTOpa, B TOM YHUCIIE: pOAa U BEJIUYUHBI
HaIPSHKEHUS U TOKA, YaCTOTHI AJIEKTPUUECKOTO TOKA, ITyTH TOKA Yepe3 TEJI0
YEJI0BEKA, MPOJOJDKATEIIBHOCTH BO3AEHCTBHS AIEKTPUUECKOTO TOKA UITU
ANEKTPUYECKOTO MU MAarHUTHOI'O ITOJIE Ha OPTaHU3M YE€JI0OBEKA, YCIOBUM BHEIIHEN
cpensl
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CpencTBa u crioco0bI 3aIIMTHI YeJI0BEKA OT MOPAKEHUS IJTEKTPUYECKUM
TOKOM CBOJSITCH K CJeAYIOLIEMY:

e YMEHBIIIEHUIO paboyero HampsHKEHUS SJIEKTPOYCTAaHOBOK;

e BBIPAaBHHUBAHUIO MOTCHITMAJIOB (3a3eMJICHUE, 3aHYJICHHE);

e DJICKTPUYECKOMY PA3JCICHUIO IIENEH BEICOKMX U HU3KUX HANIPSKCHUH;

e YBCJIMYCHHIO CONPOTUBIICHUS U30JISAIIMN TOKOBEAYIINX YacTel (padouei,
YCUJIEHHOM, JOTIOJHUTEIbHOU, TBOWHOMU U T. 11.);

e TMPUMEHECHUIO YCTPOUCTB 3AIUTHOTO OTKIIOUEHHUS U CPEACTB KOJUICKTUBHOM
3aIIUThI (OTPaIUTEIbHBIX, OJIOKUPOBOYHBIX, CHTHAIM3UPYIOIIUX YCTPOUCTB,
3HAKOB O€30TIACHOCTH U T. 11.), & TAK)KE U30JUPYIOMIUX CPEJICTB 3AIIUTHI.

CTpyKTypa KJIACCOB HANIPSKEHUSA

o YibTpaBbICOKMH Kiacc HanpstkeHus — oT 1000 xB.

o (CepxBbicokuii knacc HanpsbkeHus — oT 330 kB 1o 750 kB;

« Bpricokuii knacc Hanpspkenus — ot 110 kB g0 220 kB;

o Cpennuii knacc HanpsixeHus: — oT 1 kB 1o 35 kB;

o Husmmii knacc HanpsbkeHus — 10 1 kB

CpencrTBa 3aMTHI

Kiaccudukanus v nepedeHb CpeCTB 3aIUThI IS paObOTHI B AJIEKTPOYCTaHOBKAX,
TpeOOBaHUS K UX UCIIBITAHUSAM, COJASPKAaHUIO M IPUMEHEHUIO YCTAaHOBJICHBI
«HCTpYKIIMEN MO MPUMEHEHHUIO U UCIIBITAHUIO CPEJICTB 3allUThI, UCITOIB3YEMbIX
B DJIEKTPOYCTAHOBKAX», YTBEPKIACHHOMU NpruKa3zoM MunsHepro Poccnn ot
30.06.2003 r Ne 261 (CO 153-34.03.603-2003)

3a3zemuieHne - TpeHAMEPEHHOE IEKTPUUECKOE COCIMHEHUE KaKON-TM00 TOUKU
CETH, AJIEKTPOYCTAHOBKH WJIM O0OPYOBAHUSI C 3a3EMJISIIOIIMM YCTPOHCTBOM
(ITYD 1.7.28).

3azemJisiolee YCTPOMCTBO - COBOKYITHOCTD 3a3€MIIMTEIISI/ 3a3eMITUTENIeH 1
3a3zeMustronux mpoBoHUKOB (ITYD 1.7.19).

3azeMuIMTEIb - IPOBOISAIIAS YACTh UM COBOKYITHOCTh COSIMHEHHBIX MEXKTY
c000M MPOBOAIINX YaCTEH, HAXOAAIMIUXCS B JICKTPUICCKOM KOHTAKTE C TPYHTOM
(ITYD 1.7.15).

ConportuBJjieHre 3a3eMJIEHUS - OTHOIIICHHE HANIPSDKEHUS Ha 3a3€MIISIIOIIEM
YCTPONCTBE K TOKY, CTeKaroleMy ¢ 3a3emintes B 3emiro (ITYD 1.7.26)
3awgummnoe 3azemienue

DTO0 3a3eMIJICHHE, BBIMOJHIEMOE B 1eJsiX AekTpode3onacHoctu (ITYD 1.7.29).
3ammTHOE 3a3eMJICHHE 00ECIIEYNBACT 3aIIUTY JICKTPOYCTAHOBKU U
000pyI0BaHUs, a TAKXKE 3aIUTY JIFOJEH OT BO3ICUCTBHUS OMACHBIX HAIIPSHKEHUMN U
TOKOB, MOTYIIIMX BO3HUKHYTh IIPHU MOJIOMKaX, HEMPABUIIbHON IKCILTyaTalluu
TexHUKH (T.e. B ABAPUTHOM pesxume) 1 ipH paspsiaax MoIHMIA. Takxke
3alIUTHOE 3a3€MJICHUE UCTIONB3YETCs JJIsl 3alUThI annapaTypbl OT IOMEX MpH
KOMMYTAIIMSAX B MUTAIONIEH CeTH U MHTEPPEHCHBIX TEMIX, a TAKKE OT
AIIEKTPOMATHUTHBIX TTOMEX, HABEJACHHBIX OT PabOTAIOIIETO PSAIOM 000PYI0BAHHS.
[ToapobOHee 3ammUTHOE HA3HAYCHHE 3a3EMIICHUS MOKHO PACCMOTPETh Ha JABYX
MpUMepax:

e B COCTaBE€ BHEIIIHEH MOJHUE3AIUTHON CUCTEMBI B BUJIE 3a3€MJIEHHOTO
MOJIHUEIIPUEMHUKA
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e B COCTaBE CHCTEMBI 3alIUThHI OT UMITYJIbCHOTO NIEPEHAIPSKEHUS
¢ B COCTaBe dJIEKTPOCETH OOBEKTA

3aHyJieHHe — 3TO IPEIHAMEPEHHOE IEKTPUUECKOE COETUHEHUE OTKPBITHIX
IPOBOJSIINX YaCTEU AJIEKTPOYCTAHOBOK, HE HAXOAIIUXCA B HOPMAJIBHOM
COCTOSIHUM I10J] HAIIPSKEHUEM, C IIyX03a36MJIEHHOW HEUTPAIIBHOU TOUKOM
reHeparopa wid Tpaichopmaropa, B ceTsX TpEXPazHOro TOKa; ¢
[IyX03a3eMJIEHHBIM BBIBOJIOM UCTOYHUKA OJHO(PA3HOTO TOKA; C 3a3€MJIEHHOU
TOYKOW MCTOYHHUKA B CETAX MOCTOSSHHOTO TOKA, BHIMOJIHIEMOE B LIEIAX
AIEKTPOOE30MaCHOCTH.
3almMTHOE 3aHYJIEHUE SABJISIETCS OCHOBHOW MEPOM 3alllUThl MPY KOCBEHHOM
IIPUKOCHOBEHUH B JIEKTPOYCTAHOBKaX 10 | kB ¢ ri1yxo03a3eMIEHHON HEUTPAIIBIO.
[IpuHuun pa®oThI 3aHyJIEHUS: €CaU HanpsbkeHue ((ha3oBbIid MPOBOJT) MOMAIAET HA
COCIMHEHHBIN C HYJIEM METaJUIMYECKHUI KopItyc mprubopa, MPOUCXOAUT KOPOTKOE
3ambikanue. Cusa Toka B IIENH MPU TOM YBEIUYUBAETCA IO OYEHb OOJIBIITNX
BEJIMYMH, YTO BBI3BIBACT OBICTpOE CpadaThIBAHUE AllIapaToOB 3aIUThI
(aBTOMaTHYECKUE BBIKIIOYATENH, JIABKUE MPETOXPAHUTENH ), KOTOPHIE
OTKJIFOYAIOT JIMHUIO, TUTAIONTYI0 HEMCIIPaBHBIN npudop. B mrobom ciyuae, [TYD
pErIaMEHTUPYIOT BPEMSI aBTOMATHYECKOTO OTKIIFOUEHUS TOBPEXKACHHON JIMHUH.
Jliist HoMuHaneHOTO (hasHoro Hanpsbkenus cetu 380/220 B oHO HE OKHO
npesbimath 0,4 ¢
Iopsnok BbINOJIHEHUS PadOThHI

1.TlomyuuTh 3alaHle TIPENOo1aBaTEIsl.

2.1103HaKOMHUTBCSI CO CPEICTBAMH 3aAITUTHI, UCTIOJIB3yEMbIMH B
AIIEKTPOYCTaHOBKAaX, TPEOOBAHUIO K UX UCIIBITAHUIO, COJICPIKAHUIO U
MIPUMEHEHUIO.

3. Tlomo6path U30IMPYIOIIKME HIECKTPO3ANTUTHBIC CPEACTBA (OCHOBHBIC U
nononaHutenbHbie, CU3) aig ykazaHHOTO BUa padoT.

4. Pe3ynbTar mpeACTaBUTH B BUJIC TAOJIUIIBI.

5. OTBETUTH HA KOHTPOJIbHBIEC BOMTPOCHI.
Tabnuya

HaumeHnoBanue mpon3BoJICTBEHHOTO 00bEKTa Cpenctsa 3amutel |  CpencTBa 3alIUThl
OCHOBHBIE JIOTIOJTHUTEIIbHBIE

VY4acTok peMOHTa 3JIEKTPOOOOPYIOBAHUS
(Hanajaka, pEMOHT, PETyJIUPOBAHHE AIIEKTPUUECKUX
CXEM TEXHOJOTUIECKOT0 000y I0BaHHS
HanpsbkeHueM 1 KB)

Y4acToK peMOHTa BEICOKOBOJILTHOTO
o0opynoBaHus (PEMOHT, UCIIBITAHUE,
peryanupoBaHue 3EKTPOOOOPYA0BAHUS
HanpspkeHueM 500 kB)

Pazbopka, peMOHT U cO0opKa 1eKTpooOOpyI0BAHUS
3aKPBITHIX PaCHpeIeIUTEIbHBIX YCTPOHCTB
HanpsbkeHueM 10 10 kB, kanuTanbHbINH pEMOHT,
TEXHUYECKUH OCMOTP TpaHC(HOPMATOPOB OOIIETO
Ha3HAa4YeHUs HanpspkeHueM 1o 35 kB

JIDII. O6cnykruBaHNE BHICOKOBOJIBTHON JIMHUH
AJIEKTPOIIEPEIAUH.
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3apsiika akKyMYJISITOPHBIX OaTapei.

[1ynbT ynpaBiaeHus 31€KTPOCTAHIUEN

JIuauwm snexTponepenaun Hanpsbkenuem 20 kB —
BEPXOBBIE OCMOTPBI, COCTABJIICHHE CXEM U
[1acIoOPTOB, HAKJIA/IBIBAHUE 3a3E€MJICHUS,
YCTPOMCTBO OTTSIKEK

KoHTpoJibHbIE BOIPOCHI
1. Knaccudukanus cpeacTB 3alluThl, UCIIOIh3YEMbIX B
AJIEKTPOYCTAaHOBKAX.
2. CpencTsa U CrocoObI 3alUTHI YEJIOBEKA OT MOPAKCHUS
BJICKTPUYECKUM TOKOM.
Haznauenue 351eKTpO3alMTHBIX CPEACTB
4. TlpuHUUNHATBHOE PA3THMYHE MEXIY 3a3eMJICHUEM U 3aHYJICHUEM.

w

Ilpakmuueckaa paboma Ne 4
Cpeocmea 3auumel om cmamuueckoz2o 31eKmpuiecmeda

He.]'lb: 3aKpCIIUTh 3HAHUA IIO0 00eCIICYCHHUIO pa6OTHI/IKOB cpcacCTBaMu

3alIUTHI OT CTATHYCCKOI'O 3JICKTPHUYICCTBA HA IIPOU3BOJACTBC
Ocnoevl meopuu:

Crarnyeckoe 3J1eKTPUYeCTBO — COBOKYITHOCTb SIBJIECHUW, CBSI3AHHBIX C
BO3HMKHOBEHUEM, COXPAHEHUEM U peJlakcaliieil CBOOOAHOTO 3JIEKTPUUYECKOTO
3apsjia Ha TOBEPXHOCTH WJIA B 00bEME TUAJIEKTPUKOB MJIM Ha U30JIUPOBAHHBIX
MIPOBOJHUKAX.

IIpoucxo:xxkaenue

DIIEKTpU3aLMS JUAJIEKTPUKOB TPEHUEM MOXET BOZHUKHYTH ITPU
COITPMKOCHOBEHUH JIBYX Pa3HOPOJHBIX BEIIECTB U3-3a PA3JINYUSI aTOMHBIX U
MOJICKYJISIPHBIX CHJT (M3-32a pa3inuus padoThl BBIXO/A dJIEKTPOHA U3 MATEPHAIIOB).
IIpu 3TOM IPOUCXOAMT NEpEPACIPEIETICHUE IIEKTPOHOB (B )KUJKOCTAX U ra3ax
elI€ ¥ MOHOB) C 00pa30BaHUEM Ha COMPUKACAIOIINUXCS ITOBEPXHOCTSIX
AJIEKTPUYECKUX CIOEB C PABHBIMH 3HAKAMM DJIEKTPUUECKUX 3apA10B. PaKTUUECKU
aTOMBI U MOJIEKYJIbI OJTHOTO BEIIECTBA, 00aiatolue 0oiee CUIbHBIM
MPUTSHKEHUEM, OTPBIBAIOT JIEKTPOHBI OT APyroro BemecTtBa. Co3gaBas BUXPEBOE
JNBUKEHUE MOHOB CPENbI, B KOTOPON OHM 3aKJIFOYEHBI.

[TonydeHnHast pa3HOCTh MOTEHIIMATIOB CONPHUKACAKOIIUXCS TOBEPXHOCTEN 3aBUCUT
oT psifa GaKTOPOB — AUDIIEKTPUUECKUX CBOMCTB MaTEPUAJIOB, 3HAUCHUS UX
B3aMMHOTIO JIaBJIEHUS ITPU COIPUKOCHOBEHUH, BIAKHOCTH U TEMITEPATYPbI
ITOBEPXHOCTEMN ITUX TEJ, KIMMATUUECKUX yciaoBul. [Ipu mocienyromem
Pa3eNICHNH 3TUX TEJI KaXKI0€ U3 HUX COXPAHSAET CBOU DJIEKTPUYECKUM 3apsi, a C
YBEJIMYCHUEM PACCTOSHUS MEKy HUMH 32 CUET COBEpIIaeMOn pabOThI 1O
Pa3eNIeHUIO 3apsi0B, Pa3HOCTh ITOTEHIIMAIIOB BO3PACTAET U MOXKET JOCTUTHYTh
NECATKOB U COTEH KWJIOBOJIBT.
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DNeKTpUYECKUe paspsabl MOT'YT 00pa30BBIBATHCS BCIIEACTBUE HEKOTOPOU
AJNIEKTPOINPOBOIHOCTH BIaXKHOTO Bo3ayxa. [Ipu BnaxHoct Bo3ayxa 6ozee 85 %
CTaTUYECKOE JIEKTPUUYECTBO MPAKTUUECKU HE BO3HUKAET

Mepoii d1ekTpu3anuu siBISETCS 3apsil, KOTOPbIM 00JaaeT JaHHOE BEIIECTBO.
NHTeHCUBHOCTD 00pa30BaHUs 3aps0B BO3PACTACT C YBEIMYCHUEM CKOPOCTH
NepeMEeNIeHHs] MaTepUaloB, UX yAEIbHOTO COMPOTUBIIECHUS, TUIONIAAN KOHTAKTa U
ycuus B3auMoieicTBusa. CTENeHb 3JEKTPU3ALNY 3aPSKEHHOTO Tella
XapaKkTepU3yeT ero MOTEHIIUAl OTHOCUTEIBHO 3€MIIH.

B npou3BojCcTBE HAKOIIJIEHUE 3apsIIOB CTATUYECKOTO 3JIEKTPUYECTBA YACTO
HaOJII01aeTCs IpU:

MpeHUuY NPUEOOHBIX PEMHEl O WKUBLL UL MPAHCNOPMEPHBIX JTEHM O 8Albl,
0COOEeHHO ¢ NPOOYKCOBKOIUL,

nepexkauxKe 02HeoONnAacHblX HCUOKOCmell o mpyoonpo8ooam U Haluse
HeghmenpooyKmos 6 eMKoCmiu,

0BUIICEHUU NBLIU NO B8030YX0800AM,; OpOOIEHUU, NepeMeluu8anuu u
NPOCEeUBAHUU CYXUX MANEPUATIO8 U BEULECME;

corcamuu 08yX pazHOPOOHLIX MAMEPUATLO8, OOUH U3 KOMOPLIX OUINEKMPUK,
MexaHuueckou oopabomke niacmmacc,

MPAHCNOPMUPOBAHUU CHCAMBIX U CHCUNCEHHBIX 2A308 NO MPyoam u
uUcmeyeHuy ux uepe3 omeepcmusi, 0COOEHHO eClu 8 2a3ax COOEPHCUMCS MOHKO
PACHBIIEHHAS HCUOKOCHb, CYCREeH3Us UNU Nbllb,

0BUINCEHUU ABMOMPAHCHOPMEPA, MENeHCEK HA PeIUHOBLIX WUHAX U JII00ell
1O CYXOMY U30IUPYIOUieMy NOKPbIMUI0 U m.o.

MeToab! U cpeACTBa 3aAIIUTHI OT CTATUYECKOT0 YJIEKTPUYECTBA
K o0muM npodusiakTH4eCKuM MEPOTIPUSTUSIM, IPEIYIPEKIAIONIUM OMACHBIC
MPOSIBJIEHUS CKOMTUBIIUXCS 3JIEKTPUUECKUX 3aPSI0B, OTHOCATCS:

® OTCOC BO3/yXa M3 MOMEIICHUS WU amnmapara, ¢ TeM YTOObI KOHIICHTPAIIUS
B3PBIBOOIACHON CMeCH OblLJIa MEHBIIIE HIDKHETO Tpeieia B3pPhIBAEMOCTH;

® YCTPOWCTBO aBTOMAaTHYECKON CUTHAJIN3AIMH, IEHCTBYIOIIEH TIpU
BO3HUKHOBEHHWHU B MOMEIICHUH WJIU amnmapaTe KOHIICHTPAIUU Ta30B Uin
apoB, He npesbimaromet 50% HanMeHbIIENH B3PbIBOOIIACHOCTH;

® OrpaHUWYEHHE KOHIICHTPAIIMU 3araca rOPrOYNX U B3PhIBOOMACHBIX BEIIECTB
B OJTHOM MECTE;

® YCTaHOBKA Ha OOJIBIIUX aIMapaTax co B3PHIBOOMIACHON CMECHIO B3PHIBHBIX
MPEAOXPAHUTEIICH JOCTATOYHOTO CEUEHHUS B TAKOM MECTE, YTOOBI MpU
B3pPBIBE UX BHIOPOCHUIIO B HY>)KHOM HampaBJICHUU;

® [10J00p MaTEepHAIOB TEXHOJOTUUECKOTO 000PYAOBAaHUS TAKUM 00pa3oM,
4TOOBI HCKITHOYAIACh BO3MOYKHOCTh OMACHBIX CKOTUICHUHN AJIEKTPUUYECKUX
3apsioB,;

® pa3BelMBaHUE MPEIYIPEIUTEIHHBIX TUIAKATOB 00 OMACHOCTH Ha TEX
AIIEMEHTaX TeXHOJOTHYECKOT0 000PYyI0BaHMUSI, HA KOTOPBIX BO3MOXKHO
HaKOTUICHUE AJIEKTPUUYECKUX 3apsiI0B;

® 3aI0JHEHUE alMapaToB, EMKOCTEN TPAHCIIOPTHBIX YCTPOMCTB MHEPTHBIMU
ra3aMi, MPEeMMYIIECTBEHHO a30TOM.
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Metoapl, npexynpexaaoiye onacHble CKOMJICHUs 3apsI0B U
CNOCOOCTBYIOIIME UX OTBOAY M HEeHTpaIu3auMu, cJeayolue:
® 3a3eMJICHUE BCEX TOKOMPOBOISIINX YACTEH TEXHOJIOTHYECKOTO
000py10BaHUs;
® [IOBBIIICHHE 3JEKTPONPOBOAHOCTA MATEPUAIIOB 3 CUET IPUMEHEHUS
MPOBOASIINX MOKPBHITUM U 100aBOK;
oOl11ee ¥ MECTHOE YBIa)KHEHUE BO3/TyXa;
OCYIIIKa M OYMCTKA Ia30B OT B3BEUICHHBIX, )KUJIKUX U TBEPABIX YACTHII,
OUYMCTKA XKUJKOCTEH OT 3arpsA3HEHUN KOJUIOUTHBIMU YaCTUIIAMU;
MOHU3ALMS BO3/AyXa WIH CPEbl, 3AMOIHSIOIEH annaparsl;
YCTPOMCTBO 3JIEKTPOIPOBOJHBIX MOJIOB.
Cpencrsa 3alIUTBI OT CTATHYECKOI0 JIEKTPUYECTBA M0 NMPUHUIMILY
neiicTBust AesquTces Ha ciaexayrommue Buabl (TOCT 12.4.124-83):
3a3eMIISIOLIE YCTPOMCTBA, HEUTPATIU3ATOPHI;
YBIIQXKHSIOIINE YCTPOUCTBA;
AHTURJIEKTPOCTATUYECKUE BEIIECTBA;
AKPAHUPYIOIIHE YCTPOUCTBA (KO3BIPHKH, IEPETOPOJIKH ).
3azemuienue
3azemJiieHue — HanboJIee YacTO MPUMEHSIEMOE CPEACTBO 3alIUThI OT CTATHYECKOTO
ANEKTPUYECTBA.
3a3zemiieHne - TpeHAMEPEHHOE IIEKTPUUECKOE COCIMHEHUE KaKON-TM00 TOUKU
CETH, DJIEKTPOYCTAaHOBKH WJIK 000PYI0BaHUS € 3a3€MJISIIOILUM YCTPOHCTBOM
(ITYD 1.7.28).
3azemJisiiolee YCTPOMCTBO - COBOKYITHOCTD 3a3€MIIMTEISI/ 3a3eMITUTENIeH 1
3a3eMustronux mpoBoHUKOB (ITYD 1.7.19).
3azemJIuTeIb - IPOBOASAIIAS YACTh UM COBOKYITHOCTh COEIMHEHHBIX MEXKY
co00¥ IPOBOAIINX YaCTEH, HAXOASAIIMXCA B AJICKTPUIECKOM KOHTAKTE C TPYHTOM
(ITY3 1.7.15).
ConporuBJ/ieHHe 3a3eMJICHHUS - OTHOIIEHUE HANIPSKEHUS Ha 3a3EMJISIIOIIEM
YCTPOMCTBE K TOKY, CTEKAIOIIEMy ¢ 3a3eminTelta B 3emito (ITYD 1.7.26)
3awummnoe 3azemnenue
DTO0 3a3eMIJICHHE, BBIMOJHIEMOE B 1eJsixX AekTpode3onacHoctu (ITYD 1.7.29).
3amuTHOE 3a3eMIICHHE 00ECTICUNBAET 3aAUTUTY ANEKTPOYCTAHOBKH U
000pyI0BaHUs, a TAKXKE 3aIUTY JIFOJEH OT BO3ICUCTBHUS OMACHBIX HAIIPSHKEHUMN U
TOKOB, MOTYIIIMX BO3HUKHYTh MPH MOJIOMKaX, HEMPABUILHOMN AKCILTyaTalluH
TexHUKH (T.e. B ABAPUTHOM pesxume) 1 ipH paspsiaax ModHMA. Takxke
3alIUTHOE 3a3€MJICHUE UCTIONb3YETCs JJIsl 3alUThI alfapaTypbl OT TOMEX MPH
KOMMYTAIIMSAX B MUTAIONIEH CeTH U MHTEPPEHCHBIX IEMIX, a TAKKE OT
AIIEKTPOMATHUTHBIX TTIOMEX, HABEICHHBIX OT pa0OTAIOIIETO PSIIOM 000PYTI0BaHUS.
[TonpoOHee 3amMTHOE HA3HAUYCHUE 3a3EMJICHUSI MOYKHO PACCMOTPETh Ha ABYX
MpUMepax:
¢ B COCTaBE€ BHEIIHEW MOJHUE3AIMUTHON CUCTEMBI B BUJIE 3a3€MJIEHHOTO
MOJIHUETIPUEMHUKA,;
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e B COCTaBE CHCTEMBI 3alIUTHI OT UMITYJIbCHOTO NIEPEHAIPSKEHHS B COCTABE
AIEKTPOCETU 0OBEKTA.
VYuuTeIBast Manble pa3psaHbIE TOKU MPHU CTATUYECKON IEKTPU3ALUHU, JOMYCKAOT
CONPOTHBJIEHUE 3a3eMIisonIero ycrpoiictea 10 100 Om.
Hemeraminueckoe 060py10BaHUE CUUTAETCS DJIEKTPOCTATUUECKU 3a3€MIICHHBIM,
€CJIM COIPOTUBJICHUE PACTEKAHUIO TOKA Ha 3€MJIIO C JIFOOBIX TOYEK €ro
BHYTPEHHEH M BHEMIHEN OBEPXHOCTH npeBbimaet 107 OM npy 0THOCUTENBHOM
BJIQYKHOCTH BO3/1yxa He BbIle 60%.
B npou3BoacTBax rje CymecTByeT OonacHOCTh BOCITIAMEHEHHUS B3PbIBOONACHBIX
Pa3psI0B C YeIOBEKa, HEOOXOAMMO 00ECTICUUTh PAOOTAFOIIINX
AIEKTPONPOBOsIICH 00yBbI0. O0YBb CUNTAETCS JICKTPONPOBOIAILIECH, €CITU
>JIEKTPHYECKOE CONTPOTHUBIICHHUE ee He mpeBbimaet 107 Om.
Honuzanusa Bo3ayxa
IIpy HEBO3MOKHOCTM HCIIOIB30BAHMS CPEACTB 3alUTBl OT CTATUYECKOIO
ANIEKTPUYECTBA PEKOMEHYETCSI HEUTPAIU30BaTh 3apsbl MOHM3ALMEH BO31yXa B
MECTaXx WX BO3HUKHOBEHMsI WM HakoIuleHWs. /[l 3TOro MCHoOJIb3YIOT
crenuanbHbIe npuOOopHI — WOHU3aTOPBI, co3Jaronue BOKpYT
Ha’JIEKTPU30BAaHHOTO OOBEKTA IMOJIOKUTEIbHBIE U OTpULIATENIbHbIE HOHBI. VOHBI,
UMEIOIINE 3apsijl, TMPOTUBOIOJIOKHBIA 3apsAy IHUDJIEKTPUKA, NMPUTATUBAKOTCA K
00BEKTY U HEUTpaNU3yloT ero. [[is oTBoJa CTaTUYECKOro 3JIEKTPUUYECTBA C Tela
YeJI0BeKa MpelyCMaTPUBAIOT TOKONMPOBOJSAUIME TOJbI WM 3a3€MJICHHBIE 30HBI,
pabouue IUIOMIAJIKK, MOPYYHU JIECTHUL, PYKOSATKHM TOPUOOPOB U  T.I.;
o0ecreynBaOT padOTalOUMX TOKOMPOBOASIIEH OOYBbIO C CONPOTHBICHHEM
nmogomBel He 6oee 108 Om, a Tak)Ke aHTUCTATHYECKOMN CIIEIOACIKIOM.
HeiiTpaausaTopsl no npuHuuny uoHusauuu aeasrcs Ha (FOCT
12.4.124-83):
VHIYKIMOHHBIE; BBICOKOBOJIBTHBIE; JTyUEBBIE; a3POIMHAMUYECKHE.
Cpeacrea MHANBHUAYAJIBHOM 3AIIMTHI OT CTATHYECKOI0 3JIEKTPUYECTBA B
3aBMCHMOCTH OT HAa3HAYEHMS JeJIATCH HA:
criequaibHas OJIeXka dJIEKTPOCTaTHIECKas;
e creuuanbHas 00yBb aHTUAJIEKTPOCTATHUECKAS;
® [IpeAOXPaHUTENIbHbIE TPUCIIOCOOJICHUS AHTUAIEKTPOCTATHUECKHUE (KOJIbLIA
1 OpacieTsl);
® CpEACTBA 3alUTHl PyK aHTUAJIEKTPOCTaTUUECKHE.
ITopsaaoK BeINOJTHEHUsI padoThI
[TomyunTs 3a1aHKE IPENOIABATEA.
2. I1o3HaKOMUTBCS C METOJIaMU U CPECTBAMU 3aLIUTHI OT CTATHYECKOTO
AIEKTPUYECTBA.
3. 3amnonnurte Tadnuiy Ne 1.
4. 3anonuurte Tadauiry Ne 2
5. OTBETUTH Ha KOHTPOJIbHBIE BOITPOCHI.

Tabauya Ne I OcrosHbie munvi cpedcme KOANeKMUSHOU 3auumsl pabomaroujux
(I'OC 12.4.011-89)

=

HanmeHnoBaHne Npon3BOJICTBEHHOTO (pakTopa CpencrtBa 3a1uThl

[ToBbIlIEHHBIN YPOBEHb CTATUYECKOTO
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OJICKTPHUYCCTBA

Tabauya Ne 2 Knaccugpuxayuss CHU3 no 3auumunomy Ha3Ha4eHuo

3aluTHEIE CBOMCTBA | 3alllMTHBLIC CBOMCTBA VcnoBuble 0003HaYEHUS 3aIUTHBIX CBOWCTB
TPYIIIIBI MOJTrPYIIIbI MOATPYIIIbI
CoenuainbrHou CoenuainbrHou PykaBun u
OJIEKJ1bI 00yBH epYaTOK
OT Or
3JIEKTPOCTATHYECKUX | DIIEKTPOCTATUYECKUX
3aps0B U MoJIeH, pa3psioB
3JIEKTPOCTATHYECKUX
nojieu

KonTpoabHbIe BONPOCHI
1. Yto Takoe CTaTUYECKOE PIECKTPUUECTBO?
2. Kakwne mpon3BOACTBEHHBIC MPOIIECCHI CBSI3aHBI C OMTACHOCTHIO
BO3HUKHOBEHUS CTATHYECKOTO 3JEKTpUYECTBA?
3. Kak obecnieuuTsb 37€KTPOCTATUUECKYIO HCKPOOE30MaCHOCTh
IPOU3BOJICTBEHHOTO 00BEKTa?
4. TlepeuncnuTe CpeaCTBaA 3aIUTHI OT CTATUYECKOTO AJIEKTPUUECTBA.

Ilpakmuueckasn paboma Ne 5
Bovluucnenue nanpayxcenus npuKOCHOBEHUS U WA208020 HANPANCCHUS
Ieab: Hay4dyuTbCsl BBIYUCIATH IIATOBOEC HANPSHKECHUE U HANPSHKCHUE

IMPUKOCHOBCHU .
Ocnoebl meopuu:

1.1. HanpsixeHue npssMoro NnpuKOCHOBEHUS B Tpexdaznoit cetu I T

B cummeTrpuuHOi Tpex@a3zHOW CeTH TOK Yepe3 M3O0JISALUI0 Ha 3eMIII0 3aBHCUT
oT ¢azHoro HampsikeHus U, akTUBHOTO CONMPOTHUBIIEHUS M30JAIUU R,; U eMKo-
ctu C (da3pl OTHOCUTENBHO 3eMJIM. AKTHUBHBIH TOK YTCUKH 4Yepe3 H3OJISIHIO

I, =U/R_ ,TOK yTeuku yepe3 eMKkocTh C 3aBHCUT OT 4acToThl f HanpspkeHus ce-

h: I =U/ X, =UwC, rae o =24 — KpyroBas 4aCTOTa HaIIPSKEHUS CETH.
Ha BexTopHoii nuarpamme Tok Ir mo ¢asze coBnagaer ¢ HanpsbkeHueM U cetw,
a Tok lc — omepeskaer Hanpsukenne Ha 90° (puc. 1). IToaToMy MOJHBINA TOK (ha3bl

— [12 2 _
IZ_ IR+IC_Iu3

Al

Ha 3EMIJIIO

\4
v

Ir 0]
Pucynox 1
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B HopmanbHOM peXuMe COMPOTHUBIICHHE H30JSAIMU TPOBOJOB Z MHOTO
OOJBITIE COMPOTUBIICHUS Tea 4ejoBeka Ry, KOTOpoe MpuMeM paBHBIM HYIIIO.
Torma mpu kacaHWM 4YeIOBEKOM, Hampumep, ¢asbl A, MOTEHIHAT 3TOH (ha3sl
CTaHET PAaBHBIM TMOTEHIMATY 3€MJIM, T.€. HYJ0, a morteHiuansl ¢a3 B wim C
BO3pacTyT J0 BEKTOpHOU cyMMbl HampspkeHui ¢assl A u B ninn C. CkazanHoe
nosicHseTcst puc. 2a, rae Uy, Up, Ue — ucxonnsie Hanpsikenus az A, B, C; @,
@g1, ¢c1— noteHmansl ha3 A, B, C npu 3aMbIkaHuy TpoBoOJa A Ha 3eMITIO.

Ua A
i

N |®a1 N

Uc Ug Ic s

[OX=31

la

Puc. 2
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N3 reomerpuueckux mnoctpoeuuii puc. 20 (Ig; v l¢; — Toxku ¢paz B u C npu
3aMbIKaHUU TpoBojaa A Ha 3emiio; |4 — cymmapusbiil Toxk ¢a3 B u C, T.e. Tok
da3er A Ha 3emuro) BUIHO, uTO OTpe3ok Nla; B 3 pasa Oosbliie OTpPE3KOB
NUc=NUpg, nmponopiroHaJbHBIX TOKaM yTEYKH Ha 3€MJII0 B HOPMAJIIBHOM pe-
xume lcu lp, T.€. TOK yepe3 dyemoBeka

l,=3U/Z=3l,.

[TockonbKy pealbHO CONPOTHUBIICHHE TElla YeJOBEKa HEHYJIEBOE, MOTEHIIHAI
da3pl A Oymer oTIM4aThCs OT HyJIs, B pe3yIbTaTe Yero TOK 4epe3 deoBeKa Oy-
JIET OIIMCHIBATHCS YPaBHEHUEM I, =U(Z/3+R,).

Ipumep 1. Ilycts B cetn IT 380/220B conpotusnenue uzomsauuu R,,=30
KOM, a eMKOCTh (pa3HbIX MpPoBOAOB oTHOocUTeIbHO 3emin C=0,1 mMx®. Onpene-
JIUTh TOK MIPSIMOTO NMPUKOCHOBEHHUS ITpU Rp=1 kOmMm.

Pewenue. AKTUBHBIN TOK yTEUKH HA 3EMITIO
I, =U /R =220/30=7.333uA.
EMKOCTHOM TOK yTE€YKH Ha 3€MIIIO
l. =UaoC =220-314-10"" = 6.91uA.
ITonHBIN TOK YTEYKH HA 3EMIIIO

I, =12 +12 =/53.77% +47.72> =104

[TonHOE CONPOTHUBIICHHUE YTEUKH Yepe3 U30JISLIUIO TPOBOIA
Z=U/l; =220/10 = 22xkOm.
Tok uepe3 Teno yenoBeka npu NpsiMOM MTPUKOCHOBEHUHU
I, =U(Z/3+R,)=220/(7.333+1) = 26.4uA.

1.2. HanpsikeHue KOCBEHHOTO MPUKOCHOBEHUS B aBapuitHoii cetu | T

KocBeHHOE TPUKOCHOBEHUE MMEET MECTO IIPU KAaCaHUU YEJIOBEKOM KOopIyca
AIEKTPOOOOPYyAOBaHUSL C TOBpEXAEHHON wu3ojsuueil. [lockonbky kopmyc 3a-
3€MJICH, MPUYEM CONPOTUBIICHUE 3a3€MJIEHUSI MHOTO MEHBIIE COMPOTHUBIICHUS
U30JISILIMYA HEMOBPEXKACHHBIX (Pa3HBIX MPOBOJIOB M CONMPOTUBIICHUS TEa YeJIOBe-
Ka, TO MOTEHLMaN Kopiryca OyaeT 0JM30K K HyJto. Tak, B paCCMOTPEHHOM BbIIIIE
npumepe npu kopotkoM 3ambikanuu (K3) ¢as3sl A Ha kopmyc Tok |y, cocTaBuT
30 MA (yTpoeHHOE 3HAYCHHE TOKA YTEYKH B MCHpaBHOM coctosinun). Ecnu co-
OpOTHUBIIEHUE 3a3emiieHust obopynoBanus R;, Hanpumep, 100 Om, To Hampsike-
HUE KOCBEHHOT'O PUKOCHOBEHHUS

U, =R, -1_=100-0,03=3B.
1.3. Hanpsixenue npsMoro NpruKOCHOBEHUS B aBapuiiHoi cetu | T

[TockonbKy Tpu 3aMBIKaHUH OJTHOW W3 (ha3 Ha 3eMIII0 TTOTCHIIHAIIBI OCTaTb-

HbIX (ha3 BO3PACTAIOT B 3 pa3 (puc. 2a), To NMpAMOE KacaHHe K HUM BechbMa
OMAacHO, MOCKOJIBKY K YE€JIOBEKY B 3TOM CIIy4ae MPUKIAJIBIBAECTCS MPAKTUYECKU
nuHerHoe Hanpspkenne 380 B. HeszHauuTenbHOE CHIKEHHME HANPSOKEHUS — 3a
CUeT MaJIeHUsl HaNpsHKEHHs] HAa CONPOTHMBIICHUM 3a3€MJICHUS TPAKTUYECKU HE
OKa3bIBAET BIMSHUS HA TSKECTh [IOPAKEHUS SJIEKTPUIECKUM TOKOM.

1.4. HampsikeHue mpsMoro MpuKOCHOBEHUS B HCITpaBHOM TpexdazHoi cetu TT
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[Tpu npsimom npuxkocHoBeHuu B cetu TT Tok uepes Teno yenoBeka

I, =U(R, +Ry),
rae R, — conporuneHue 3a3eMiIeHUsI ICTOYHHUKA TOKA.
R
Hanpsokenue npukocHosenuss U, =1, -R, =U ﬁ
+
h 0

[Tockonbky Rh>>R,, HampshkeHHEe MPUKOCHOBEHMsI MPAKTUYECKH PaBHO (has-
HOMY HaIIpsSKEHUIO CETH.

1.5. HampsikeHre mpuKOCHOBEHUS B aBapuiiHOM TpexdazHoii cetu TT

[Tpu 3aMbIkaHUM (Pa3bl HA 3EMITIO POTEKAET TOK 3a3€MIICHUS
I, =U(R, +R,))
[Ipu 3TOM HampspKeHHWE MPUKOCHOBEHHUS K MOBPEXIEHHOW (ase paBHO Iio-
TEHLIMAITY TOBPEKIECHHOM (ha3bl

R
u,=1-R =U ﬁ Eciu Ro=0, To HanpsbkeHne KOCBEHHOTO MPHUKOCHOBEHUS
+ 0

paBHO (pa3zHOMY Ha- NpspKeHUIo ceTu. Ecnm ke Ro=o0, TO nMeeM paccCMOTPEHHYIO
BEIIIE ceTh | T.

Hanpspkenue npsmoro NpuKOCHOBEHHS K HEMOBPEXKIACHHON (asze Takke 3a-
BHUCHUT OT COMNPOTHUBIICHUs R, 3azemieHus ucrtouynwka nutanus. Ecmu R,=0, To
HaIpsDKCHWE TPUKOCHOBEHHS paBHO (azHoMy. OJHAKO 1O Mepe YBEIHMYCHUS
otHomreHus Ro/R; HanpspkeHre mMpsMOro MpPUKOCHOBEHHUS pacTeT, JOCTHUTAs JIH-
HeriHoro 3HavyeHus npu R,;=0. [Ipn KOHEYHBIX 3HAUCHUSIX COMPOTUBICHUN R, m

R, HanpsiKeHHe MPSIMOT0 MMPUKOCHOBEHUSI MOYKHO PacCUMTaTh 1o popmyrie

U,, =+/(0,5+ I,R;)? +0,75U2,

KOTOpasi BHIBOJIUTCSI U3 MOCTPOCHUM pHC. 2a TIPU PACIOJIOKEHUN TOUKHU (o] Me-
w1y Ua u N.

1.6. Hanpspxenue npssmMoro mpukocHoBeHUs B cetu TN

[Ipu mpsimoMm mpukocHOBeHMH K JABYM (azam B cetu TN, kak u BO Bcex oc-
TaJbHBIX, YEIOBEK OKA3bIBACTCS IO IeHCTBHEM JuHEiHOTO HanpspkeHus 380 B.
[Ipun oaHO(}a3HOM NPUKOCHOBEHUH (YENOBEK MOJ AeiicTBMEM (a3HOro Hamps-
xeHust 220 B) Hanmuuue 3a3eMiieHUs AJIEKTPooOOpyI0BaHUSI HE CKa3bIBaeTCsl Ha
TSKECTH TTOPAYKEHHUS TOKOM.

1.7. ABapuiinblii pexxum cetu TN

HaunbGonee BeposSsTHBIM aBapuiiHBIM pEeKUMOM ceTh [N sBisIeTcss 3aMbIKaHUE
¢da3HOrO MPOBOAA HA 3aHYJICHHBIA KOPITYC AJIEKTpooOopymoBanus. B atom ciy-
4ae TOK KOPOTKOTO 3aMbIKaHUSs

I, =U/R,,
rine Rg., — conpoTuBiienue nenu (aza-Hojlb UCTOYHUKA TOKA.
CormnacHo TpeOoBanuto IlpaBuil ycTpoWCTBa 3J€KTPOYCTaHOBOK, B TI'PYIIIO-
BBIX CETAX MPOBOJUMOCTbH HYJIEBOTO 3aLIUTHOTO MPOBOJHMKA JIOJDKHA PABHATH-
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cs1 mpoBoauMocTH (ha3Horo. Ilpu 3ToM Ry, paBHO YIBOEHHOMY 3HAUEHUIO CO-
MIPOTHUBJICHHS 3aILIUTHOIO IPOBOJHUKA, & MOTeHIHa B MecTe K3
o.=1_-R, =U-R/2R=U/2.

Takum oOpa3om, HampspDKeHHE KOCBEHHOTO NPUKOCHOBEHHS HE TMPEBBIIIAET
MOJIOBUHBI (PA3HOTO, €CIIM COMPOTUBJICHUE HYJIEBOTO 3alIUTHOIO MPOBOJHUKA HE
IPEBBIIIAET CONMPOTUBIICHUE JIMHEWHOro. Hannuue MOMOJHUTENBHOTO 3a3emiie-
HUsL 000PYyIOBaHUSI CIIOCOOHO JIMILIb HE3HAYUTEIBHO CHU3UTH MOTEHIHUAN MECTa
K3 3a cuer nmpoBOAMMOCTH 3€MJIH, T.€. MPOTEKAHUS YaCTU TOKA MO LIETIH 3a3€M-
JIUTEIb JJIEKTPOOOOPYIOBAHUS — 3€MJISl — 3a3€MIIUTETh HCTOUHHKA.

Ilpakmuueckasa paboma Ne6

Pacuem 3AUMHO20 3N3EMIEHUA

I.le.m;: HAaY4YUTLHCA PACCUUTBIBATE COIIPOTHUBIICHUC 3a3CMIIUTCIIA.

OcHoevl meopuu:

ConpotuBienne R; eITMHUYHBIX 3a3€MJIUTENEH ONMpPEnesoT o GopMyiam:

1. IllapoBoii B 3emne R = L(H RJ
27D 4t

2. TlomymapoBbld y MOBEPXHOCTH 3€MJIA R,=plaD
3. BeptukanwsHas TpyOa 10 TOBEPXHOCTH 3€MIIH R, = ﬁ In %I
4.  BeprtukanpHas TpyOa Ha Tiyoune t (10 cepeuHbl TpyObl)

o 2
5. N'opusoHTanpHas TpyOa Ha MOBEPXHOCTH 3eMIN R, = o In i

2
6. 'opusonTanpHas TpyOa Ha riayouHe t R, = % In (Ij—t
7. Kpyrnas niacTiHa Ha MOBEPXHOCTH 3EMIIH R, =p/2D.
8. IlnactuHa a-b, mocTaBIeHHAs B 3eMIIe Ha PeOPO R, =0.25+/ab.
9.T opu30HTalIbHAS TT0JTOCa R -L 2,
o240 dt

R =i(|n 2l o5n 4”').
240 d at—|

B stux dpopmymax:

p — YAETHHOE COMTPOTUBIICHUE TPYHTA;
| — mIMHA CTEepIKHS I TIOJIOCHI;

d — nuameTp 37eKTpOIA;

t — rmyOuHa OT MOBEPXHOCTH 3€MJIH JI0 CEPEIUHBI DIIEKTPOIA;
D — nuameTp miaacTUHbI WM (10Ty)chepsl,

b — mMpuHa TOPU30HTAILHON TOJIOCHI.
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1.8. Onpenenenue moTeHITMAIA 3eMJTH BOJHU3H 323 MITHTEIIS

[ToTeHunan 3a3emMyIMTENsT M CONPHUKACAIOLIETOCS C HUM CJIOSI 3€MJIM PaBEH
IPOU3BEJICHUIO TOKA 3a3€MJIMTENI Ha €r0 CONPOTHUBIIEHUE PACTEKAHUIO TOKa
o=1,R;. Tlo mepe ynaneHuss OT 3a3eMJMTENII NOTEHLHMAT 3€MJIM CHUYKAETCS
BCJIEJICTBUE MaJICHUSI HAPSDKEHUS B 3eMJIE IIPU NMPOTEKAHUM TOKA 3a3€MIIUTEINSL.
[loreHuuman 3emiu @, Ipyu NPOTEKAHUU B HEH ToKa |, paBeH majaeHuIo HampsKe-
HUS B 3€MJIE CHAPY>XH OT SKBUIIOTCHIIMAJIILHOM MOBEPXHOCTH, Ha KOTOPOM pac-
[OJIO’)KEHA TOYKA M3MEpPEHHUs noTeHuuana. Ha paccTosHMSIX OT 3a3eMIIMTEN,

MPEBBIIIAIOIIUX €r0 HauOONBIIUNA pa3Mep, SKBUIMOTEHIMAIbHBIE MOBEPXHOCTU
o0pa3yioT mnoxychepsl, TO3TOMY Ui OMpeeieHHs MOTEHIMANa 3eMJIHM MOYXHO
MOJIb30BaThCA  (POPMYJION ISl TONyCPEepUYecKOoro 3a3emiuTensd. Tak, eciu
p=100 Om*M 1 Tok I=10A BepTHKAJILHOTO 3a3eMJUTEINA |=3M, TO MOTCHIMAT HA
MOBEPXHOCTH 3€MJIM Ha PACCTOSTHUM I'=5M OT 3a3eMJIUTEINs OyeT
@ =pl [ 2r =100-10/(3.14-5) = 63.7B.
B T0 e Bpems conpotusneHue 3azeminrens quamerpom 0,03m

R=LpnH_100,,43 o 10m,

24 d 628 0,03

a ero noreHuuan ¢, =10-954=9545.

[Tyctp Hampspkenne U MpHiIoKeHO MEXIy ABYMS MOIyCHEpUUECKUMU 3a3€M-
mutensMu ¢ quametpamu Diu Do, ynenbHoe conmpoTtuBieHue rpyHra p. Toraa
COIIPOTHUBIIEHNE PACTEKAHUIO TOKA IEPBOTO 3a3€MIUTENS R, = p/zD,, a BTOPOIO —
R,=p/zD,. Ecnm paccrosiHre MEXIy 3a3eMJIMTENSIMUA HA HECKOJBKO MOPSIKOB
IIPEBBILIACT UX IUAMETPBI, TOK 3a36MIIUTEIECH

I, =U/(R +R,).

[Ipu 3TOM MOTEHIMAIIBI 3JIEKTPOJIOB OOPaTHO MPOMOPLUUOHANBHBI UX JUAMET-

paM U IPOTHUBOIIOJIOXKHBEI 10 3HAKY:

p=U—" 1=y p u-2
R +R, ﬂD1£ i+i D, +D,
z\D, D,
D
q)zzu—l
D, +D,

[TycTh paccTosiHME MEXIy IIeHTpaMu moixycdep paBHO 24, TOT/a MOTCHIIHAI

B CpGI[HCfI TOYKC MCKY 3a3CMIINTCIIIMHA OT IIPOTCKAHWA TOKA JJICKTPOAA 1
P =spl 70,

a OT MPOTEKaHMsI TOKa dJeKTpoaa 2 ¢, =—|,pl e

[ToreHnman — ckajsgpHas BEJIMYMHA, I[O3TOMY PE3YJIbTUPYIOLIEE 3HAYECHUE
IIOTCHIIHAaJIa B cpe)lHeﬁ TOYKEC MCXKAY 3a3CMIINTCIISIMUA

Do =P+ Por = lspl =, pl w=0

HE 3aBUCUT OT MX Pa3MEPOB, T.€. CONPOTHUBICHUN PACTEKAHHIO TOKA. JTO BaX-
HO€ TMOJIOKEHHUE TO3BOJISIET HAa MPAKTHUKE OOHAPYXUBATh TOUKY C HYJIEBBIM IIO-
TCHIHUAJIIOM, HE YAAJIAACH OT 3a3eMJINTENE Ha OECKOHEUHOCTD.

HpI/I YMCHBIICHHUHN PaCCTOSHUA 2a MCXKAY 3a3CMIINTCIISIMUA K&)KIIBIﬁ N3 HHUX
OKa>XCTCA B 30HC PACTCKAHM TOKa BTOPOI'O 3a3CMIIUTCIIA. Hrorom storo craner
YBCIIMYCHUEC TOKA KaXXKIO0ro 3a3€MIIMTCIIA, ITOCKOJIBKY OH 6y,Z[€T IMPOTCKAaTh IO
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JNEUCTBUEM PA3HOCTHU ITOTEHIIMAJIOB JaHHOTO 3a3€MJIMTEI U NOTEHIMANa 3€MIIH,
C03/1aBa€MOT0 TOKOM BTOPOTO 3a3€MIIUTES.

IIpumep 2. Hampsokerne U =10B mpHIIOKEHO MEXIY ABYMs ToJycdepude-
CKHMH 3a3€MIIUTEISIMUA C PACCTOSTHUEM MEXAY LEHTpamMu 2a=2M U JTHaMeTpaMu
D,=D,=1u, YyJAenpHOE COmpoTHUBIeHUE TrpyHTa p=62,8 Owmem. Haiitu
3JIEKTPUYECKUE ITapaMETPhI 3a3EMIIMTEICH.

Pewenue. ConpotuBnenue 3azemnuteneil R, = p/ D =200m
Tok 3a3eminureneit 6e3 yuera BzaumHoro Binusaus |, =U /(2R,)=0.25A

[ToreHmman, co3maBacMblii BO3JIE Ka)XIOr0 3a3€MJIMTENISI TOKOM BTOPOTO
3a3€MJIATEIS, Ap=(1,)/(2ra)=0.25-62.8/(2-3.14-1) =2.5B .

®dakTrueckui Tok 3azemumntened |, =(U +2A¢)/(2R,)=15/40=0.375A
DaAKTUYECKOE COMTPOTUBIICHUE KAXKOTO 3a3€MIIMTEIIA
R, =0.5U/1=13.30u

1.9. ComnpoTuBieHue rpynmnoBOro 3a3eMiInTeNs

I'pynmoBoit  3a3emmmtens (['3) COCTOMT W3 HECKOJBKUX 3JIEKTPOJIOB,
BKJIFOUEHHBIX TMapajuiebHO, T.€. HAXOJSAIIMXCS MOJ OJHUM IOTEHIIUAJIOM.
Ecmm co- mpoTuBiIeHHE pacTEeKaHWIO TOKa OJMHOYHOTO JJIeKTpoja R, a
pacCTOsTHUE MEXKIy HHMH MHOTO OOJbIIe WX HaWOOJBIIEro pa3Mmepa, TO
CyMMapHOe corpoTuBiieHre ['3, coCcTOAIIEeTo U3 N AIEKTPOAOB, OyACT B N pa3
Menble, T.e. R,=R/n.

Ho ecimn kaxnpiii snektpon I'3 Haxomutcss B 30HE paCTEKaHUS TOKa
COCEIIHUX DJIEKTPOJIOB, TO €ro d(PPEeKTUBHOCTh CHUYKAETCS, MOCKOJIbKY TOK
JAHHOTO DJJIGKTPOJa OMNpEACNIeTCS HE TOJHBIM TMoTeHimaiom I3, a
Pa3HOCTBIO TOTEHIMATOB ['3 WM 3eMim B MECT€ HaxXOXIEHHUS DIICKTPOJa.
Crenenb cHKeHUs O(OPEKTUBHOCTH dIeKTponoB ['3  ompenensercs
PACCTOSTHUEM MEXAY HUMHU, B3aUMHBIM PACIOJOKEHUEM M KOJWYECTBOM.
3HaueHUsT KOY(PPUIIMEHTOB WCIIOJB30BAHUS BEPTUKAIBHBIX 3JIEKTPOJIOB
TPYIIIOBOTO  3a3€MJIUTENS B 3aBHCUMOCTH OT PACCTOSHUS X MEXKIY
AJICKTPOAaMU, IPUBEICHBI B Ta0JI. 1, TOPU30HTAIBHBIX — B TA0. 2.

Tabnuma 1
KoaddurmeHnt 3¢pekTHBHOCTH BEPTHKAIBHBIX IEKTPOI0B
w Hucno 2IeKTpo10B
2 | 4 | 6 | 10 | 20 | 40 | 60 | 100
Pa3MerieHue 3J1eKTpoJI0B B psizt
1 0,85 0,73 0,65 0,59 0,48 - - -
2 0,91 0,83 0,77 0,74 0,67 - - -
3 0,94 0,89 0,85 0,81 0,76 - - -
PazmerieHue 37eKTpoI0B 110 KOHTYPY
1 - 0,69 0,61 0,56 0,47 0,41 0,39 0,36
2 - 0,78 0,73 0,66 0,63 0,58 0,55 0,52
3 - 0,85 0,80 073(2 0,71 0,66 0,64 0,62




Tabmuua 2
Koaddumment a3 dhekTMBHOCTH COEAMHUTEIBHBIX MTOJIOC

/1 Ywucao OJICKTPO0B
2 | 4 | 6 | 10 | 20 | 40 | 60 | 100

Pa3menienue 351eKTpo10B B psl

1 0,85 0,77 0,72 0,62 0,42 - - -

2 0,94 0,84 0,80 0,75 0,56 - - -

3 0,96 0,92 0,88 0,82 0,68 - - -

Pa3M€H_IeHI/Ie QJICKTPOAOB IIO KOHTYPY
IIpumep 3. Beprukanbable crepxkHu mmHON | = 5M muamerpom d=2cwm co-

€IMHEHBI TTePEMbIYKaMU U3 TaKUX e MPYTKOB. PaccTosHMe MEXIy CTEp>KHIMHU
B PSAIY SM, pacCTOSIHUE OT MOBEPXHOCTU 3€MJIU JI0 CTepkHen t,=0,7M. Y nenpHoe
conpotuBienue 3emn p= 100 Owmem. Ilycts TpebOyercs paccuutath [3 C

COMPOTHUBIIEHUEM pacTeKaHus TOKy He 6osee 4 Om.
Pewenue. ConpoTuBIEHNE OTMHOYHOTO BEPTUKAIBHOTO 3JIEKTPOIa

HBIX CTEP)KHEN

R

" 2

d

R

“T24 dt 2.314.5

100

10

4t —1

[In4|+0.5In 4t+|j

IZ

©2.314.5

100

n

+0.5In

0.02

OpI/ICHTHpOBOqHOG KOJIMYCCTBO BCPTHUKAJIbHBIX CTGp)KHGﬁ
n=R,/R, =23.4/4=6wm.
ConpoTuBieHHe OJHON TOPU3OHTAIBHON NEPEMBIUKU 0O€3 ydeTa BEPTHKAIb-

4.3.2+5
4.32-5

In[25/(0.02-0.7)] = 23.8460m,

j =23,40m,

ConpoTHBJIEHHE IIECTH BEPTUKAIBHBIX CTEPIKHEH MHpH KOIPQPHUIHUCHTE HC-
nosb3oBanus K,=0,65

R,=R,(n-k,)=23.4/(6-0.65)=60m

1 - 0,45 0,40 0,34 0,27 0,22 0,2 0,19
2 - 0,55 0,48 0,40 0,32 0,29 0,27 0,23
3 - 0,70 0,64 0,56 0,45 0,39 0,36 0,33

ComnpoTHBJICHHE MATH TOPU30HTAIBHBIX TiepeMbluck mpu K.= 0,72
R, =K.(n-k,)=23.846/(3-0.72)=6,620m

2op

COHpOTI/IBHeHI/Ie IrpynIroBOIro 3a3¢MJIMTCIIA

RR,, _6-6.62

R, = = =3.150m
© R, +R,, 6-6.62

4TO YAOBJICTBOPACT YCIOBUAM 3a1a4N.

1.10. HanpskeHue NpUKOCHOBEHHUS C YYETOM MOTEHIIMAIIA 3eMJITU

Ipumep 4. CBeTWIBHUK HAPYKHOTO OCBEIICHUS 3aKPEIJIEH Ha MeTaJlTu4de-
CKOH orope, HIDKHSS 4YacTh KOTOPOW BBITIOJHEHA W3 TpyObl nuamerpoMm d,=
0,15M, 3arny0sieHa B 3eMiTi0 Ha |=1M 1o HeHTpy OCTOHHOTO IMJIUHIpA TUaAMET-
pom 0,45M. VYnpenbHoe compotuBieHue OetoHa p;—50 Omem, 3emumn p,=150
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OmeMm. Cetp TN-C, 3anyneHue omopbsl OTCYTCTBYeT. [Ipu moBpexaeHnn n30JIsi-
UM CBETUJIbHUKA Omopa oka3anach noj Hampsbkenuem U =220B. Onpenenutsb
HaIpsHKEHHE NPUKOCHOBEHUSI K OMOpPE MPU PACCTOSHUU MEKJY HEW M HOTaMH
yenopeka 0,4M Mpu HATMYKUKU U OTCYTCTBUU OETOHHOTO KPEILJICHUSI OTIOPHI.

Pewenue. ConpoTHBIeHHE paCTCKaHUIO TOKa ciiosi OetoHa TommuHOu (0,45-
0,15)/2=0,15m

2 2
R =L _ps g _50 [, 4\ 4 ) _go50,
24 d, 2d d, 628 015 = 045

ConpoTHuBiIeHHE PACTEKAHUIO TOKA 3€MIIH

2
R =LA 1501, 4 550
27 d, 628 045

ITonnoe COIIPOTHUBJIICHUC PACTCKAHWIO TOKA

R, =R, +R, =8.75+52.2 = 60.950m
[IpeneOperasi CONPOTUBICHUEM 3a3€MJICHUSI ICTOYHUKA MMUTAHUS, ONTPEACITUM

l,; Ha 3eMuTIO:
| =220/60.95=3.614.

[Tamenne HanpsOKEHUS B CJIoe OETOHA
AU, =R, -1_=8.75-3.61=31595.

ITorenuman 3emnu Ha pacctosHuu I = 0,475M OT LEHTpa OMOPHI

A =3.61 150 In 4 =25.2B.

27z| 2z 6.28 6.28-0.475

¢3:I1(5-R:IK3

Hanpsokenue npukocHoBenuss U, =U, —¢, =220-25.2=194.88. llpu

OTCYTCTBUU OETOHHOTIO CJIOS COIMPOTHUBJICHUC 3a3CMJICHUA OITOPHBI

R=Log M 10, 4 g5
27 d, 628 0.5

TOK KOPOTKOrO 3aMbIKaHUSl Ha 3E€MIIIO | _ =220/87.4=25174
Ilorenmman 3emim

Ha pacctosinuu 0,475M OT LIEHTpa OTIOPbI

Pon M 057190 4 _y75ep

2d  2ar 6.28 6.28-0.475

¢, =l

Hamnpsioxenue npukocHoBeHus U, = 220-17.58 = 202.42B .

1.12. HanpsixeHue NpuKOCHOBEHHUS C YY€TOM CONPOTUBIIEHUS OCHOBAHUS
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B npuBenenHom BhIle npuMepe HanpsbkeHue npukocHoBenus 202,42 B npu-
KJIJ[bIBACTCSl MEXy PYKOH uenoBeka U 3emiieid. Tok mpoTekaeT Kak uepes Tejlo
YelioBeKa, TaK U 4Yepe3 OCHOBAaHHE, Ha KOTOPOM CTOMT uenoBek (00yBb). Ecnu
MPUHATH CONPOTHBIIEHUE Tena yenoBeka Ry =1 kOwm, a ocHoBaHusA Ryen = 5 KOM,
TOTJa TOK Yepe3 TeJ0 YeIoBeKa

I, =U,, /R, +R,,) = 202.42/(1+5) = 33.73n4.
dakTUYeCKOe 3HAaUCHHUE HAPSKEHUSI TPUKOCHOBEHUS

U =1, -R,=1-33.73=33.73B.

np.gpaxm
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5. Yueono-memoouueckoe u ungpopmayuonnoe ovecneyenue OUCYUNIUHB
5.1. Ilepeuens ocno6HOIl U 0ONOTHUMENbHOU TUMEPANYDPBL, HEOOX0OUMOU 0N 0CE0CHUA
OUCUUNIUHDL
5.1.1 Ilepeuenwv ocnosnoli numepamypol:

1. Dnexrpodesonachocts / E.E. Ipusanos, A.B. Edpanos, C.C. fctpebos, B.A. fpo ; ox
pen. E.E. IlpuBanoBa. — Mocksa ; bepmun : Jlupekr-Memua, 2018. — 210 c. : w1, cxem., Ta0iI. —
Pexum noctyma: o momamucke. — URL: http://biblioclub.ru/index.php?page=book&id=493604 . —
bubnuorp. B kH. — ISBN 978-5-4475-9698-9. — DOI 10.23681/493604. — TeKCT : 3JEKTPOHHBIH.

2. Tlpuasnos, E.E. OcHoBsl 31ekrpode3onacuocty : B 3 4. / E.E. [IpuBanos. — Mocksa ;
bepnun : Hupexr-Menua, 2016. — Y. 3. 3ammra oT HanpspDKEHUs] NMPUKOCHOBEHHUS M 1Iara B
JJIEKTpUYECKUX ceTsix. — 180 c¢. : wim., cxem., Tabm. — Pexum jgocTyma: mo MOANKCKE. —
URL.: http://biblioclub.ru/index.php?page=book&id=436756 — buGmnuorp. B kH. — ISBN 978-5-4475-
7618-9. — DOI 10.23681/436756. — TeKCT : 3JIEKTPOHHBIH.

3. Ilpuasnos, E.E. OcHoBsl 31ekrpobdesonacuoct : B 3 4. / E.E. [IpuBanos. — Mocksa ;
bepnun : lupekr-Menna, 2016. — Y. 2. 3a3emiieHuE 2JEKTPOYCTAHOBOK CHCTEM DJICKTPOCHAOKEHUSI.
- 156 c¢. : wm, cxem., Tabm. — Pexwm  jgocryma: 1Mo TOJNUCKE.  —
URL.: http://biblioclub.ru/index.php?page=book&id=436755 . — buGmuorp. B ku. — ISBN 978-5-
4475-7617-2. — DOI 10.23681/436755. — TekcT : 371€KTPOHHBI.

4 Cubukumna 10.J]. Oxpana Tpyaa W 3JIeKTpoOe30MmacHOCTh: Y4eOHoe mocobue — M:
Hupekr —Menua, 2014.- 360 c. [DnextpoHHBIi  pecypc] pexuM  IOCTyIa:
https://biblioclub.ru/index.php?page=book_view_red&book_id=235424

51.2. IlepevyeHb JONMOJIHUTEIbHOM JTUTEPATYPHI:

1.Cubuxun, HO.J[. be3omacHocTh Tpyna mnpu MOHTaxe, OOCTY>KMBAaHMM M PEMOHTE
anextpoodopynoBanus npennpusituii / F0.J[. Cubuxkun. — Mocksa ; bepnun : Jlupext-Menua, 2014.
— 338 c. : WIL., TaOoJI. - Pexum JIOCTYyTIA: 1o MOJITHCKE. -
URL.: http://biblioclub.ru/index.php?page=book&id=256581 . — bubauorp.: . c. 332. — ISBN 978-5-
4475-2508-8. — DOI 10.23681/256581. — TekcT : 31€KTPOHHBIH.

2. Duextpobe3onacHOCT,  pabOTHHKOB — ajekTpuueckux ceteir /  E.E. IIpuBanos,
A.B. Edanos, C.C. SctpeboB, B.A. fpomr ; mox pen. E.E. IlpuanoBa. — Mocksa ; bepaun :
Hupexr-Meauna, 2018. — 371 c. : wun, Tabm. — Pexum pgocrtynma: 1o TOANHCKE. —
URL.: http://biblioclub.ru/index.php?page=book&id=493605 . — buGnuorp. B ku. — ISBN 978-5-
4475-9697-2. — DOI 10.23681/493605. — TekcT : 371eKTPOHHBI.

3. Cubuxun, FO.J[. DnexkrpoOe30macHOCTh, TPU OIKCIUTyaTallud  AJIEKTPOYCTAHOBOK
npomeinieHHbIX npeanpusatuit / 0. /1. Cubukun, M.JO. Cubukun. — 8-e u3z., ucnp. — Mocksa ;
bepmun : upexr-Memma, 2014. — 235 c. : tabm., un. — Pexxum nmocrtyma: mo MOANHUCKE. —
URL: http://biblioclub.ru/index.php?page=book&id=253964. — bubauorp. B kH. — ISBN 978-5-
4458-8880-2. — DOI 10.23681/253964. — TekcT : 31eKTPOHHBIH.

5.3. [lepeuensb pecypcoB HHGOPMALMOHHO-TEJIEKOMMYHUKANMOHHOM ceTn «HTEepHeT,
HeOOXOIMMBbIX /LIS 0CBOEHUSI THUCIIUTLITMHBI

1. http://lwww.biblioclub.ru -OBC "Yuusepcuterckas 6ubnrorexka ormaiia"

2. http:/lmwww.iprbookshop.ru/ - DnekrponHo- oubnmoreunas cucrema [IPRbooks

3. http://e.lanbooks.com - DnexTponHO-OMOIMOTEYHAs crcTeMa JlaHb

1. http://docs.cntd.ru/ DneKTPOHHbIA  GOHA NPaBOBON M HOPMAaTUBHO-TEXHUYECKOM
HOKymeHTaummn TEXSKCMEPT

2. MNpodeccroHanbHble cnpaBoYHble cucTembl TexakcnepT http://vuz.kodeks.ru/
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MMHUCTEPCTBO HAYKHU U BBICIIIEI'O OBPA30BAHU S POCCUMCKON
OEAEPALINN
denepanbHOE TOCYIAPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEKICHHE
BBICIIIETO 00pa30BaHuUs
«CEBEPO-KABKA3CKHWI ®EJIEPAJIBHBIA YHUBEPCUTET»
[Taruropckuit uacTUTYT (hrnnan) CKOY

Meroanuyeckue ykazaHus
10 BBIMIOJHEHUIO JIA0OPATOPHBIX pabOT

no qucuuumne « JIEKTPOBE3OITACHOCTDb»

JUISL CTYJIEHTOB HAIlPaBJICHUSI TOATOTOBKH
13.03.02 DneKTpoIHEPreTHKa U JICKTPOTEXHUKA

[Tsturopck 2026 r.
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/11

e

4.2

4.3

4.4

4.5

4.6

4.7

4.8

Conep:xkanue

Bsenenue

[enp 1 3ama4n U3YICHUS TACITUTUTAHEI
O6opynoBaHue U MaTepUabl
HanmMenoBanue nabopaTopHbIX paboT
Copeprkanue 1ab0paTOpHBIX padboT

JlabopaTtopnas paborta Ne 1.

OHpCIIeJIGHI/Ie BJIMSTHUA PCIKHUMaA BHGKTpHHGCKOﬁ HCI?ITp&J'IH Ha yCJIOBHA

AIEKTPOOE30MaCHOCTH

Yacte 1. MonenupoBaHHe 3JIEKTPUUECKON CETU C N30JIMPOBAHHOM

HEUTPAJIBIO.

YacTs 2. . MogenupoBaHue 3JIEKTPUYECKON CETH C TIIyX03a3¢MIEHHON

HEUTPAJIBIO.

JlaGopatopHas padota Ne 2.

Omnpenenenne 3aBUCUMOCTEMN, XapaKTEpU3YIOLIUX SBJICHUS TIPU
CTEKaHUH TOKA B 3€MJII0 Yepe3 3aIUTHBINA 3236 MIINTENb

Yacte 1. CHITHE 3aBUCUMOCTH MOTEHI[MAaa OCHOBAHUS
3JIEKTPOOOOPYIOBAHUS OT PACCTOSIHUSL 10 3a3E€MIIUTENS

Yactp 2. CHITHE 3aBUCUMOCTH HANPSIKEHUSI IPUKOCHOBEHUS OT
PACCTOSIHUS 10 3a3€MIIMTENIS

Yactp 3. CHATHE 3aBUCHUMOCTH IIarOBOTO HAMPSHKEHUSI OT
PACCTOSIHUS 10 3a3€MIIUTEIIS

Omnpenenenne CUbl SJIEKTPUUIECKOr0 TOKA YEpe3 TEJIO YeJIOBEKa
Yacrs 1. Ilpu npssMOM IPUKOCHOBEHUH K YaCTSM,
HaXOAIIUMCS MO HAIPSHKEHHEM

Yacts 2. IIpn KOCBEHHOM PUKOCHOBEHHH K YACTSM,
HaXOSAIIUMCS MO/ HAPSKEHUEM

JlabopaTtopnas pabota Ne 4.

MonaenvupoBanue 3aHyJICHUS 3JIEKTPOOOOPYIOBaAHHS
JlabopaTtopnas paborta Ne 5.

KOHTpOJIb M30515IMH B 3JIEKTPUUECKON CETU C M30JMPOBAHHON HEUTPAJIBIO

JlabopaTtopnas pabota Ne 6.
N3mepenne conmpoTUBIICHHS 3a3€MIICHUS
JlabopaTtopnas paborta Ne 7.

MonenupoBaHue AeUCTBUS 3aIIMTHOTO 3a3eMJICHHMS (CaM03a3eMJICHUS)

AIIEKTPOOOOPYI0BAHUS

JlaGoparopnas padota Ne 8.

MonenvupoBaHue 3aUUTHOTO OTKIIFOUEHUSI SJIEKTPUUECKON CEeTH
[Tpunoxenue 1
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BBenenue

[lenapto paboTel B jabopaTopuu SIBISETCS YIAyOJieHWEe M 3aKpervieHue
MPUOOPETEHHBIX TEOPETUUYECKUX 3HAHUU IMyTeM HSKCIIEPUMEHTAIbHOW MPOBEPKU
TEOPETHUECKUX  IOJIOKEHUH, a TaKKe 3HAKOMCTBO C  KOHCTpYKUUEH
ANEKTPUUECKUX CceTed, O00OpyJAOBaHHEM, HW3MEPUTEIbHBIMU MpUOOpaMu U
anmnapaTypoi, UCIOJIb3yEMbIMH B JIA0OPATOPHH.

B pesynbrare BBINOJHEHUS JIAOOPATOPHBIX PAOOT CTYIAEHTHI JOJKHBI
IpUOOPECTH YMEHMS M HABBIKU [0 COOPKE U MCCIIETO0BAHUIO SJIEKTPUUECKUX CXEM
ceTel, M3MEPEHUSIM JIIEKTPUUECKUX BeIWYUH. Temarunka i1abopaTopHbIX padoT
[IOJIHOCTBIO COOTBETCTBYET COJEPKAHUIO OCHOBHBIX Pa3/IelIOB Kypca, N3y4aeMOoro
B BBICIIIMX TEXHUUYECKUX YUCOHBIX 3aBEICHUSX.

B npeanaraeMom METOIMYECKOM yKa3aHUU OMMCAHO BOCEMb JIAOOPaTOPHBIX
paboT. B omnucanum kaxaoil nabopaTopHOil paboThl CPOpMyIUpOBaHA €€ IIeb,
M3JI0KEHBbI OCHOBHBIE TEOPETUYECKHE TOJIOKEHMSI, OMMCaHa CXeMa YCTAHOBKH IS
IPOBENECHUSI HKCIIEPUMEHTAIBHOIO HCCIEAOBAHUS, JaHbl PEKOMEHIALMH IO
MPOBEICHUIO OMBITOB M 00pabOTKE pe3yibTaTOB H3MEPEHHH, a TaKke

KOHTPOJIbHBIC BOITPOCHI.
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1. I]env u 3a0auu uszyuenus OucyunIUHbl

Uenbto wusydyeHUa AUCUUNAUHBI ABAAETCA MNOArOTOBKA CTYAEHTOB K MNPOM3BOACTBEHHOM
AeATenbHOCTM B chepe nepedaym WM pacnpeencHua 3SNeKTPUYECKOW 3Hepruu,  obcayKusaHua,
ANATHOCTUKU U MOHUTOPWHIa 3/1eKTpo3HepreTnyeckoro obopyaoBaHMa B COOTBETCTBMM C Npodunem
noAroToBKN ¢ cobnoaeHMamMM TpeboBaHW 3alMTbl OKpysKatollei cpeabl, obecrnedyeHUs 340pOBbA
nepcoHana u 6es3onacHoOCTU NPOM3BOACTBA.

3a4a4amu U3ydeHua AUCLUMNANHBI ABNAIOTCA:

— 0CBOEHME AUCUMMANHDBI Ha YPOBHE, MO3BOAIOLLEM OPUEHTUPOBATLCA B CPEACTBAX 3aLLUTbI OT
nopakeHua 3/1eKTPMYECKUM TOKOM MpU BbINOSHEHUU pPaboT no o6CAyXKMBaHWUIO, 3SKcnayaTaumu
3N1eKTPOYCTaHOBOK 3HEProcucTem;

— 3HaTb OCHOBHbIE peXKUMbl PaboTbl 31EKTPOYCTAHOBOK M CBA3aHHbIE C HUMM OMACHOCTU ANA
nepcoHana;

— UMeTb HaBbIKM NPaAKTUYECKOro pacyeTa CpeacTB 3allMTbl OT 31eKTPonopaskeHus, ob6aactb uUx
NPaKTUYECKOro NPUMeHeHUsn;

— npuémbl 0CBOBOXAEHMA MNOCTPadaBlIEro OT TOKOBeAyruuMx 4YacTeld U OKasaHuA nepsow
NOMOLLIN.

2. Obopyoosanue u mamepuannl

JlaGopaTopusi TEOPETHYECKUX OCHOB DJIEKTPOTEXHUKH, PpEIEHHON 3aluThl U
ANEKTPOOE30MaCHOCTH C MHTEPAKTUBHBIM MYJIbTHMEINA 000PYI0BAHUEM

MynbTuMeauitHoe 000pyAOBaHME: HHTEPAKTUBHBIA IPOEKTOP, HOYTOYK, MarHUTHO-
MapkepHas qocka. Komriekt yueOHoit mebenu.

1. KommiekT tunoBoro jgabopatopHoro obopynoBanus «CHCTEMBI SJIEKTPOCHA0KEHUS
CoC2-C-K;

2.KoMIJIeKT THMOBOTO J1Ta0OpAaTOPHOTO 000pYyIOBaHMS «IIEKTpodHEpreTukay II1-
OPCK-C-K.

3. Haumenoeanue nabopamopuvix padom

st ctyaeHToB 3a04HON POpMBI 00YUEHHS TIPETyCMOTPEHBI CIEeAYyOIINe T1ab0paTopHbIe
pabotel JlaGoparopnass pab6ora Ne 5 KoHTponb uH30IA1IMM B DIEKTPUUYECKOM CETH C

M30JIUpOBaHHOW HeWTpanbio, Jlaboparopnass pabora Ne 6. H3mepenwe CONMPOTUBICHHS

3a3eMJIeHHUs
Ne O6bem yacos N3 Hux
Tembt IpaKTU4YecKa
- HaunmeHnoBaHMe TeM JUCHUIUIMHBL, UX KPaTKOe i
cofiepKaHne
TUTMH MOJIrOTOBKA,
BI 4acoB
4 JIaGoparopnas pabota Ne 1. Onpenenenue BIUSHUS 2

pexuMa IEKTPUIECKON HEUTpaIu Ha YCIOBUS
anekTpobe3onacHocT. Yacte 1. MogenupoBanue
AJIEKTPUYECKON CETH C N30JIMPOBAHHON HEUTPAIIBIO.

4 JIaboparopHas pabota Ne 1. Onpenenenue BAUSHUSL 2
pexuMa IEKTPUIECKON HENTPaIn Ha yCIOBUS
anekTpobe3onacHocT. Yacts 2. MogenupoBaHue
AJIEKTPUYECKON CETH C IIyX03a3eMJIICHHON HEUTPAJIbIO

3 JIaGoparopnas pabota Ne 2. Onpenenenue 2
3aBHCHUMOCTEH, XapaKTEepU3YIOIUX SIBJICHUS IPH
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CTCKaHUH TOKA B 36MJTIO Yepe3 3aIUTHBIN 3a3€MIIUTEIh
Yacte 1. CHATHE 3aBUCUMOCTH OTEHIIMAIA OCHOBAHMS
AJIEKTPOOOOPYAOBAHUS OT PACCTOSIHUS 70 3a3EMITUTESA

3 JlaboparopHast pabota Ne 2. Onpenencuue 2
3aBUCHMOCTEH, XapaKTePU3YIOLIUX SBJICHUS TIPU
CTEKaHUH TOKa B 3€MITIO Yepe3 3aIUTHBIN 3a3EMIIUTEITh
Yactp 2. CHATHE 3aBUCUMOCTH HANPSHKEHUS
MIPUKOCHOBEHUS OT PACCTOSHUS JI0 3a3€MITUTEIIS

3 JlabGopaTopHas padorta Ne 2. OnpenesncHue 2
3aBUCHMOCTEH, XapaKTePU3YIOUIHNX SBICHUS MIPH
CTEKaHHH TOKa B 3eMJIIO Yepe3 3alUTHBIN 3a3eMIIUTEITh
Yactp 3. CHATHE 3aBUCUMOCTH 111arOBOI'0 HAIPSKEHUS
OT PaCCTOSHUS JI0 3a3EMITUTEIIS

3 JlaboparopHas pabota Ne 3 OnpeneneHue CHITbI 2
IEKTPUUYECKOTO TOKA YEPE3 TEJIO YEIIOBEKA
Yacts 1. [Ipu npsMoM NPUKOCHOBEHUH K YaCTsIM,
HaxXOAAIMMCS 10| HAIIPSDKEHUEM

3 JlaboparopHas pabota Ne 3 OnpeneneHue CHITbI 2
IEKTPUUYECKOTO TOKA YEpe3 TEJIO YEIIOBEKA

Yacts 2. [Ipyu KOCBEHHOM NPUKOCHOBEHUH K YaCTsIM,
HaXOAAIMMCS 10| HAIIPSDKEHUEM

5 JIaboparopHast pabota Ne 4 MojenupoBaHue 3aHyICHHS 2
AJIEKTPOOOOPYIOBAHHUS

6 Jlaboparophas pabota Ne 5 KoHTpoIs 30541111 B 2 2
AIIEKTPUYECKOMN CETU C M30JMPOBAHHON HEUTPAIIBIO

5 | Jlaboparopuas padora Ne 6. U3mepenue 2
COIIPOTHUBJICHUSI 3a3€MJICHUS

5 JIaGoparophas pabota Ne 7. MoaenupoBaHue eiicTBUs 2
3aIMTHOTO 3a3eMJICHHS (CaM03a3eMJIICHHS)
ANIEKTPOOOOPYJOBAHUS

5 JlabopaTtopHas padota Ne8 MopenupoBanue 2

3allUTHOI'O OTKIKOYCHUA BHCKTqueCKOﬁ CCTHU

Hroro 3a 8cemectp: 12 2

4. Cooeporcanue nabopamopuvix padoom

Jlabopamopuasn paooma Nel
Onpeodenenue 6IUAHUA PeHCUMA ITIEKMPUYECKOU Hellmpaiu
Ha yC06Us 31eKmMpooe3onacHocmu

Ilenb pabGoThl: OIIEHKA OMACHOCTH TMOPAXKEHUsS SJIEKTPUUYECKUM TOKOM B
3aBUCHUMOCTH OT:
— HaIpPSHKEHUS U CXEMbI TUTAHUSI DIIEKTPOYCTAHOBOK,
— peXuMa HeUTpasu,
— COINPOTHUBJIEHUS DJIEMEHTOB JIEKTPUUYECKOU CETH,
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- YCJ]OBI/Iﬁ BKJIFOUYCHHA YCJIOBCKA B IICIIb.

Ochoegubl meopuu:

Pexxum HelTpanu Tpexda3Hoil ceTh BBIOUpAETCS MO TEXHOJOTUYECKUM
TpeboBaHUsIM M ycioBusAM Oe3onacHocTH. CornacHo IIYD, mpu HampshkeHUn
Bbile 1 KB mpuUMEHSIOTCS IBE CXEMBI: TPEXIIPOBOJHBIE CETH C M30JUPOBAHHOM
HEUTpanbl0 U TPEXIPOBOJHBIE CETU C 3(PPEKTUBHO 3a3eMIJICHHOW HEUTPAIIBIO.
[Ipu wHampspkennn A0 1 kB OpUMEHSIOTCS  TPEXMPOBOAHBIE CETH C
M30JMPOBAHHONW HEWUTPAbI0 M YETHIPEXIPOBOJBIHE CETH C TIIyX03a3€MJIEHHOM
HEUTPAIBIO.

HeliTpane — »3TO TOYKa COEAMHEHHS OOMOTOK NHUTAIOIIETO LEMb
TpaHchopmaropa uiaM reHeparopa. HeilTpanb MoxeT OBITH H30JMPOBAHHOM
WJIM 3a3€MJICHHOM.

3a3eMJICHHOW HA3bIBACTCS HEUTpANlb, NMPUCOCAUHECHHAS K 3a3€MIISIOLIEMY
YCTPOMCTBY, JMOO HEMOCPEACTBEHHO, JHUOO dYepe3 Majoe COMPOTUBICHUE.
N3onupoBaHHOM Ha3bIBa€TCS HEWTpalb JUOO HE NPHUCOECIUWHEHHAs K
3a3eMJIAIONIEMY TIPOBOAY, JUOO COEJUHEHHAsT C HUM 4Yepe3 OOoJbIIoe
CONPOTHUBJICHUE.

AHanu3upysl pa3MyHble Clydyad MPUKOCHOBEHMS YEJIOBEKa K IPOBOAAM
Tpex(a3HbIX DJIEKTPUUYECKHX CETei, MOXKHO CJelaTh BBIBOJ, 4YTO Hauboiiee
OMacHbIM SIBJISIETCS JBYX(a3HO€ MPUKOCHOBEHHUE TMpU JIIOOOM pPEXHUME
HedTpasii. B 3TOM cnydae TOK, MNpPOXOJAUIMII uepe3 Teno uenoBeka |,
onpenensieTcs TMHEHHbIM HarpsikeHueM Ul 1 conpoTuBIIeHHEM ero Tena R

l, =U, /R,
U, =173,

B TpexdazHoil TpeXmpoBOJHON CETH C M30JIMPOBAHHON HEUTPABIO CHU- Ty
TOKA, MPOXOASAIIEr0 4Yepe3 TEJO 4YEJIOBEKa, NMPU NMPUKOCHOBEHHHM K OJHOW W3
da3 cetm B TeEpHOJ €€ HOPMAIbHOW pabOThI, OMPENEISAIOT CICAYIONUM
BBIpOKCHHUEM B KOMIUIEKCHOM (popMme:

LY
‘" R,+Z2/3
— Tox B neicTBUTENBHON (POPME COCTABUT:
_Ys 1
“ R, \/ r(r+6R,)
1+
rne Z — KOMIUIEKC MOJTHOTO CONMPOTUBIEHUS OAHON (pa3bl OTHOCUTENIBHO 3€MIIH,
Owm;
I' — COMPOTUBJIEHUE U3OJISILIUU MPOBO/IA OTHOCUTENBHO 3emiin, OMm;

C - eMKOCTb U30JISIUU POBOAA OTHOCUTEIBHO 3eMiH, D.
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Ecin eMKOCTh MPOBOIOB OTHOCHTENLHO 3€MIIM Majla, YTO OOBIYHO MMEET
MECTO B BO3JIYIIHBIX CETAX HEOOJNBIION MPOTSHKEHHOCTH, TO YpaBHEHHE
IPUMET BHI:

“ R, +r/3 3R +r’

rae I — CONpOTHUBIICHUEC U30JIALINH, Owm.

Ecin xe emKocTb BCJIIMKaA, a IIPOBOIMMOCTL H3O0JIAIUMKU HCE3HAYNTCIIbHA,
YTO OOBIYHO MMEET MECTO B KaOCIBHBIX CCTAX, TO CHJIa TOKa, IIPOXOIALICTO
qcpe3 TCIO0 YCITIOBCKA, 6y,[[€T paBHA:

LYy

" JR?+(x, /3) ’

rae Xc— €MKOCTHOE CONPOTUBIICHUE.

B cersix ¢ u3oauMpoBaHHON HEUTpasiblo, 00JIaJalONIMX HE3HAYUTEIbHOU
€MKOCTBIO MEXKIy IMPOBOJAMHM M 3€MJIEH, ONACHOCTb HJisl YeJIOBEKa, MPUKOC-
HYBIIIETOCS K OJIHOM M3 (a3 B MEPHO] HOPMAJILHON pabOTHI CETHU, 3aBUCUT OT
CONPOTHUBIICHHS MPOBOAOB OTHOCUTEIBHO 3€MJIM: C YBEJIMYEHUEM COIPOTHUB-
JIEHUSI OMAaCHOCTh yMeHblnaerca. [loaTomMy OYeHb BaXKHO B TaKHUX CETAX
o0OecreuynBaTh BBICOKOE COMPOTUBIECHUE HM3OJISIIIMM U KOHTPOJIMPOBATH €€ CO-
CTOSIHUE JJIsI CBOEBPEMEHHOTO BBISIBIICHHS U YCTPAHEHUS BO3HHUKIIWX HEHC-
npaBHocTed. OJIHAKO B CETSIX C OOJIBIION €MKOCThIO OTHOCHUTENIBHO 3€MITU

pOJIb M30JIAIIMK TPOBOJOB B oOOecreueHuru O€30MaCHOCTH MPUKOCHOBEHUS
yTPauyuBaeTCsl, YTO BUITHO U3 YPAaBHEHUH.

B Tpexda3Hoil 4YeThIpeXIpOBOJHOW CETH C 3a3€MJICHHOM HEUTpalbio
MPOBOJUMOCTh ~ HM3OJSIIIMM W €MKOCTHas  MPOBOJMMOCTH  ITPOBOJIOB
OTHOCUTENIBPHO 3e€MJIM MaJlbl IO CPAaBHEHHIO C IPOBOJUMOCTBIO 3a3EMIICHHUS
HEUTpanu, MOATOMY MPH OINPEACICHUM CUJIbI TOKA, MPOXOJAIIEro Yepe3 TeJo
YeJIoBeKa, Kacaromerocs pasbl ceTH, UMU MOKHO ITPEHEOPEYb.

[Ipn HOpManmbHOM pexume pabOThl CETH CUJIa TOKA, MPOXOJSIIET0 Yepes
TEJIO YeJIoBeKa, OyIeT paBHa:

u,.

| =———|,
R, +r,

rje Ip — CONPOTUBJIEHUE 3a3eMJICHUS HeUTpasin, OM.

Kak mnpaBuno, rp < 10 OmM, compoTuBiieHHE K€ Tena 4YenoBeka Ry He
omyckaetcsi Huxe coreH Owm. CrnemoBarenbHO, 0€3 OOJBINOW OMUMOKKA B
YpaBHEHUH MOXKHO TMpeHeOpeub 3HadeHueM [lo U CUUTaTh, 4YTO TIpHU
MPUKOCHOBEHUH K OJHOW u3 (a3 Tpexda3HO YETHIPEXIPOBOJHON CETU C
3a3€MJICHHOM HEUTpasbl0 YEJIOBEK OKa3bIBAETCS MPaKTUYECKH MOA (Pa3HbIM
HanpsbkerrneM Ugh, a TOK, TIPOXOJSIIINIA Yepe3 HETO, PABEH YaCTHOMY OT JICTICHUSI
Ugp Ha Ry.

OTcroma cnenyeT, 4To MPUKOCHOBEHHE K (pa3e TpexdasHoil cetu ¢ 3a-
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3eMJICHHOM HEUTpasbio B MEpUOJ HOPMaIbHOU ee paboThl Oojiee OmacHo, 4eM
IPUKOCHOBEHHE K (a3ze HOpMaimbHO paboTarouieil ceTh C H30JIUPOBAHHOU
HEUTPAJIbIO.

Ilepeuyens annaparypsbl

0O603HayeHue HanmeHoBaHue Tun
Gl TpexdasHblh UCTOYHUK NUTAHUSA 201.2
Al Bnok nuHelHbIX apoccenei 337
A2 TpexdasHbln TpaHCchopmaTop 302
A3 Moaenb y4acTka 3N1eKTPUYECKON CeTH 303
A4 Mogaenb yenoseka 309
A5 Mogaenb 3amblKaHMA Ha 3eMJII0 310
P1 BnoK mynbTMmeTpoB 508.2

Ykazanua no mexnuke 6ezonacnocmu npu eévino/iHenuu Jzaﬁopamopnoﬁ

pabomul npeocmasnenst 6 Ilpunosxcenuu 1.
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Ykazanua no ewvinonnenuro nadopamopnoi

pabomui:

¢ 3anoJHEHHbIE TaOIULBI C HEOOXOJUMBIMU
pacueTHbIMU (popMyIamMH.
o OOmwe BbIBO/BI 10 pe3ybTaTaM CACITAHHON

paboTHI.

o Pe3ynpTaThl SKCIIEPUMEHTOB 3aHOCATCS B Ta0J

1.1ul2

JKCcnepuMeHTAIbHAA TA0 ML A

Tabnuma 1.1

ConportusneHue
usonaummn

ConpotusneHue
nona

Conportusne-
Hue obyBu

Cwuna To-

HanpsaxeHue,
B

Ra

Rc

JKcNepuMeHTAIbHAsA Ta0Jau1a

Tabauma 1.2

EmKocTtb a3

ConpotusneHme Ha
3emnio, Ryam

Cuna ToKa, A

HanpsaxeHue, B

Ca

Cs

Ce




Jabopamopnasa paboma Ne2.
Onpedenenue 3agucumocmeil, Xapaxmepuzyrnwuiux A6,1eHuUs
npu CMeKaHuu moKa 8 3emJiio uepes
3QUUMHDBLIL 3A3eMIUMENDb

Lenb pabOThI: H3yYEHUE 3aBUCUMOCTEH, XapaKTePU3YIOIIUX SIBICHUS MTPH
CTEKaHUM TOKa B 3€MJIIO UEpe3 3aILUTHBIN 3a3€MIIUTEb.

OcHogbl meopuu:

Bce cimydan nopaxeHus 4eloBeKa TOKOM B PE3YJIbTATE MIEKTPUUYECKOTO
yAapa BO3MOKHBI JIMIIb IIPU 3aMBIKAHUH DJIEKTPUYECKOM LIENU 4Yepe3 Telo
YeJI0BEKa WM, MHA4Y€ TOBOPs, IIPU IIPUKOCHOBEHUU YEJI0BEKA HE MEHEE YeM K
JIBYM TOUYKaM LIENHU, MEXKIY KOTOPBIMHU CYILIECTBYET HEKOTOPOE HAIIPSKEHHUE.

OnacHOCTh Takoro NPUKOCHOBEHHUs, OLIEHHWBAacMas 3HAY€HHEM TOKa,
IIPOXOALLErO Yepes3 TEIO0 YEJIOBEKA, WIM YK€ HAIIPSIKEHUEM IIPUKOCHOBEHUS,
3aBUCHUT OT pAsia (JaKTOPOB: CXEMbI 3aMbIKAHUS LEMU TOKA Yepe3 TEJIO0 Yello-
BEKa, HaIpPsDKEHHE CETH, CXEMOM caMoi CeTH, pekuma ee Heltpamu (T. e.
3a3eMJICHA WJIM WU30JIMpOBaHa HEUTpalb), CTETIEHH H3O0JISALMH TOKOBEMLYLIUX
yacTed OT 3€MJIM, a TaKXe OT 3HAYEHWH EMKOCTH TOKOBEAYIIMX YacTeu
OTHOCHUTEJBHO 3EMJIU U T. II.

CrenoBaTenpHO, yKa3aHHas OINACHOCTh HE SIBJIETCS OJHO3HAYHOM: B
OJTHUX CIIy4dasiX 3aMblKaHUE LIETIH TOKA Yepe3 TeJIo YeJoBeKa OyIeT COMpoBO-
YKIATHCS MIPOXOKICHUEM YEPE3 HErO MAJIbIX TOKOB U OKAYKETCA HE OIACHBIM,
B JIPyTUX — TOKM MOTYT JOCTUTaTh OOJBIINX 3HAUYEHUH, CIOCOOHBIX BbI3BAaTh
CMEPTEIILHOE ITOPAXKEHUE YETIOBEKA.

OnHOM M3 OCHOBHBIX NPUYMH HECUACTHBIX CIY4YaeB OT DJIEKTPUYECKOTO
TOKA SIBJIAETCS MOSBJIICHUE HANIPSKEHUS HA METAIUIMYECKUX KOHCTPYKTHBHBIX
4acTsIX AJIEKTPOOOOPYAOBaHMS, KOTOpbIE HOPMAJbHO HE HAXOIATCA IMOJ]
HaIIpSDKEHUEM, — Ha KOpIycaX, KOXKyXaxX, OrpaXJAeHusAX U T. .. Hanpsokenune
Ha JTUX YacCTAX MOXKET IMOSBUTHCA KaK PE3yJIbTaT: MOBPEKICHUS U30ISALUN
TOKOBEIYIIUX YacTel 3JIeKTpooOOpyaoBaHUsl (BCIEACTBHE MEXaHUYECKUX
BO3- JICUCTBUM, dJIEKTPUUYECKOTO MPOOO0s, ECTECTBEHHOIO CTapEHUs U T. I1.);
NaJEHNs MPOBOJA, HAXOMSIIETOCA MOJ HANPSLDKEHUEM, Ha KOHCTPYKTHMBHBIE
4acTu 3JIEKTPooOOpyA0BaHUs; 3aMbIKaHusl (pa3bl ceTd Ha 3emutto. OnmacHOCTh
1opa- XEHUs TOKOM B JTHX CJIydasX yCTPAaHAETCA C MOMOIIBIO 3aLIUTHOIO
3a3eM- JICHUS, 3aHYJICHUs, 3alUUTHOTO OTKJIIOYEHHUS, BbIPABHUBAHUS
MOTEHIINAIA, JTBOWHON M30JISIIMEH, a TakKe OJarogapsi MPUMEHEHHUIO MaJTbIX
HanpsHKEHUM



U CHEUMANbHBIX 3allUTHBIX CPEICTB — IEPEHOCHBIX MPHOOPOB |
PUCIIOCOOJICHU.

3alUTHBIM 3a3eMJIeHHeM Ha3bIBACTCS peHaAMEPEHHOE
JNIEKTPUUYECKOE  COEJUHEHHEe ¢ 3eMied WIM €€  HKBHUBAJIEHTOM
METAINTMYECKUX HETOKOBEIYIIMX YacTed, KOTOpbhlE MOTYT OKa3aThCs IMOJ
HANpsOKEHUEM BCIIEACTBHE 3aMbIKaHUS HAa KOPIYC W MO APYTUM MPUYUHAM
(MHAYKTUBHOE BJIMSHUE, BbI- HOC OTEHIIMANA U T. II.).

[TpuHIMN AEWCTBUS 3aLIUTHOTO 3a3€MJICHUS — CHU)KCHUE HAIPSIKCHUS
MEXIy KOPIIyCOM, OKAa3aBIIMMCS TIOJ] HampsDKeHHEM, W 3eMilell [0
Oe3omacHoro 3HaueHus. JlaHHOE HANpPSDKEHHWE HA3BIBACTCS HANpsSHKECHUEM
npuxkocHoBeHus: UTTP. OTO AocTUraercs IMyTeM YMEHBLIEHHs MOTEHIMalia
3a3eMJICHHOTO OOOpYIOBaHUs, @ TaK)K€ IyTEM BBIPABHUBAHUS MOTEHIMAJIOB
OCHOBaHHS, HA KOTOPOM CTOMT YE€JOBEK, U 3a3eMJICHHOTO 000py/10BaHus, 3a
CUET MOSIBJIICHUSI TOTEHIIMAIIOB Ha TOBEPXHOCTH 3€MJIM TIPU CTEKaHHH TOKa B
3eMit0. JlaHHbIE MOTEHLMAIbl BO3HUKAIOT HM3-3a CPaBHUTEIBHO OOJBIIOTO

YAEIBHOTO COINPOTUBIICHUSI TPYHTA (1><10‘?’—1><104 OM M.) U yYMEHBIIIAIOTCA
10 Mepe yAaJeHusi OT MeCTa CTeKaHUs TOKa B 3eMJt0. B HemocpencTBeHHOU
OJIM30CTU OT MeCTa CTEKaHUs TOKa B 3E€MJII0 MOTEHIMajl OCHOBAHUS, Ha
KOTOPOM CTOMT YEJIOBEK,

MPAKTUYECKA PaBEH MOTEHIMANy 3a3eMJICHHOro oOopyaoBaHus. [Ipu sTom
Pa3HOCTh MOTEHIIMAJIOB, OMpPEACIIIONnIas HAMpPsSHKEHUE MPUKOCHOBEHUS, MHU-
HuMasibHa. [lo Mepe ynaneHus JaHHOTO OCHOBAHUSI OT MECTa CTEKaHUsl TOKa
B 3€MJII0 YKa3aHHasl pa3HOCTh MOTEHIIMAJIOB BO3PACTAET, TO €CTh 3P(EKT BbI-
paBHUBaHMS TOTEHIMAIOB ociabeBaer. [Ipu ymaneHun yeigoBeka OT MecTa
CTeKaHHUs ToKa B 3eMito Ha 20 METpoB U OoJiee HaNpsKEHUE MPUKOCHOBEHUS
MPAKTUYECKA PABHO MOTEHIIMATY KOPIyca JIEKTPOYCTAHOBKM OKa3aBIIEHCS
TIO/1 HATIPSKEHUEM.

Ecmu xopmyc amekTpooOopynoBaHUs HE 3a3eMJICH, U OH OKa3alicid B
KOHTaKTe C (ha30if, TO MPUKOCHOBEHUE YEJIOBEKA K TAKOMY KOPITYCy PaBHO-
CUJILHO TIPUKOCHOBEHHIO K (hase. B 3TOM ciydae BelMYMHA TOKAa B KOM-
IUIEKCHOM (hopMe, MPOXOASIIEro Yepe3 TeI0 YeJoBeKa, MPUKOCHYBILETOCS K
dazHomy mpoBoAy Tpexha3zHOM IEKTPUIECKON CETH C U30JIMPOBAHHON HEW-
TPaJIbIO, ONIPEIETSETCS COOTHOIICHUEM:

- U,.
" R +R,+R,+Z,13

rne Iy, Uq), Zu — KOMIUIGKCHI TOKa, A, dbazHoro HampsikeHus, B u
COMPOTHUBIICHUS U30JISIIUUA OHOU (asbl, OM;

Ry — conpoTtuBiieHue Tena yenoeka, OM;



Ro6 — compoTuBienrue o0yBu uenaoBeka, OM;

Ry — compotuBiienue nojia (ocHoBaHwUs ), OM.

[Tpu ManoM conmpoTuBIEHUH 00YBH, TI0JIa U U30JISIIUN TTPOBOJIOB OTHO-
CUTEJIBHO 3€MJTU 3TOT TOK MOKET JIOCTUTATh OMACHBIX 3HAYECHU.

Jlnst  TpexdazHOM DIIEKTPUYECKOM CETH C TIYyXO 3a3eMJICHHOMN
HelTpanpio  (puc. 2.1) NPOBOAMMOCTh H30JAIMK  (DAa3HBIX IPOBOIOB
OTHOCUTEIBHO  3€MJIM  NPEHEeOpeKMMO  Majla [0  CPaBHEHUIO €
MPOBOJIUMOCTBIO 3a3€MJICHUS HEWUTpasid, MO3TOMY BEJIUYMHA TOKa uepes
TEJIO YeIOBEKa NPAKTUYCCKH HE 3aBHUCUT OT COMPOTUBIICHUS H3OJIAIHNHA H
paBHa:

. U,
= ,
" R+R,+R,+R,

__ 3522058 Tp G103 .
YT YT N

Puc. 2.1 IlpukocHoBeHHE YenoBeka K (pazHoMy MpoBOAY TpeXdazHou
ANEKTPUYECKOMN CETH C U30JIMPOBAHHON HENTPAIIBIO

Haunbonee neGmaronpusTHbIA ciiydail OyneT, KOTja 4ellOBEeK MPUKOC-
HYBIIUHCSA K (pa3ze MMEEeT Ha HOTax TOKOMPOBOSAIIYI0 O0YBb — CHIPYIO WJIH
HOJOUTYIO METAJUIMYECKUMHU I'BO3ASIMH U CTOUT HEMOCPEICTBEHHO Ha ChIPOil
3eMJIe WJIA Ha MPOBOJSIIEM OCHOBAaHUM — HAa METANIMYECKOM IOy, Ha 3a-
3eMJICHHOW METa/NIMYeCKOM KOHCTPYKLMH, T. €. KOIrJa MOXHO TPHUHSTH
Ro6=0 m Rp=0. ComnporuBienue 3a3emicHus HehTpanmum R(Q OOBIYHO BO
MHOTO pa3 MEHbIIE COMPOTUBIICHMS Tela YelloBeka (kak mpaBwio, RQ He
npeBbimaer 10 OmM) 1 UM MOXHO mnpeHeOpeub. Ilpu >THX  ycCHOBHSX
BEJIMYMHA TOKa uepe3 TeJNo YeNOBeKa JIOCTHraeT OMNACHOM BEIWYHHBI.
Hampumep, npu Ry=1000 Om (Bnosnne BepositHas BenuuuHa) U R3=4 Owm
14=220/(1000+4)=0,22 A.

3a3eMJISIIOILIMM YCTPOMCTBOM HA3bIBAETCS COBOKYITHOCTD 3a3€MIIMTENS —
METATTIMYECKUX MPOBOJHUKOB, HAXOMASIIUXCS B HEMNOCPEACTBEHHOM COIPH-
KOCHOBEHHH C 3€MJIeH, W 3a3eMIIIOIIMX MPOBOJHUKOB, COCIUHSIOIIUX 3a-
3eMJIIOIIME YACTHU C 3a3€MIIUTEIIEM.



3a3zeMiMTENI OBIBAIOT HCKYCCTBCHHBIC, IIPCAHA3HAYCHHBIC HNCKIIHOYU-
TCJIBHO OJIA ueﬂeﬁ 3a3€MJICHUA N €CTCCTBCHHBIC, HAXOOAIIMUECA B 3€MJIC MC-
TAJUIMICCKUC ITPCAMCTEI MHOT'O HA3HAYCHMU .

I[JIH HCKYCCTBCHHBIX 3a3eMJINTENCH IMPUMCHAIOTCA 0OBIYHO BCPTHUKAJIb-
HBIC U TOPU30HTAJILHBIC 3JICKTPOABLI, T.C. OATMHOYHBIC 3a3CMIIMTCIIN.

__6-10xB Tp 380/220B, (Uy=220 B, U;=380 B)
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Puc. 2.2 TlpukocHOBeHHE YenoBeKa K (pasHOMY MPOBOTY TpeX(a3zHOU dICKTpHUe-
CKOM CETH C TIYXO0 3a3€MJICHHOM HEUTPaJIbIO

B xayecTBe BEpTUKAIBHBIX AJIEKTPOJOB UCIOJIB3YIOTCS CTAIbHBIE TPYOBI
auameTpoM 3-5 ¢cM U yrioBas cTaib pasmepoM oT 40x40 mo 60%60 mm
JUIMHHOM 2,5-3 M, a Takke cTanbHbIe IPYTKU AuamerpoM 10-12 mm u qymH-
HOU J0 JECSITH METPOB.

JI1st coeTMHEeHUsT BEPTUKAIBHBIX AJIEKTPOJOB MEXKy COOOM U B KayecT-
BE€ CAaMOCTOSITEIIbHOIO TOPU3OHTAIBHOTO 3JIEKTPOJa MPUMEHSETCSI MOJI0COBas
CTaJb CEYCHUEM HE MeHee 4X12 MM WM CTalb KPYIJOro CEYEHUS IHAMET-
pPOM HE MeHee 6 MM.

JInst morpy»KeHHs B 36MJIF0 BEPTUKAJIBHBIX 3JIEKTPOJOB MPEABAPUTEIHLHO
porot Tpanimiero riayounon 0,7-0,8 M, mocie yero mx 3a0MBAIOT U BEPXHHE
KOHIbl COEOUHSIOT CTaJbHOW IOJIOCOM C MOMOLIBK CBapku. B Takux xe
TpaHUIEAX MPOKIAABbIBAIOT U TOPU3OHTAIBHBIE AIEKTPOABL. TpaHIICI0 3achl-
MalT 3eMJICH, OYMILEHHOW OT CTPOUTEIBHOTO MYCOpa, a 3aTEM TIHIATEIbHO
yTpaMOOBBIBAIOT, UTO 00ECTICUNBALT JYUIITYI0 MTPOBOAUMOCTh TPYHTA, a Clle-
JIOBaTEJILHO, YMEHBIIIAET PACcXO0 METaJlJIa Ha YCTPONUCTBO 3a3eMJICHUSI.

B 3aBucuMocTH OT MecTa pa3MelieHus 3a3eMJIUTeNIE OTHOCHUTENIBHO 3a-
3eMJISIIOIIETO O0OpYIOBAaHMS PA3IMYAIOT JIBa THUIMA 3a3€MIISIIOIIUX YCTPONCTB
(3Y) — BeiHOCHOE 3Y U KoHTypHOE 3VY. Y BbiHOCHOTO 3V 3a3eMIIUTEIIh BBhIHE-
CEH 3a MpeJenbl MIOMAIKH, Ha KOTOPOH pa3sMelIeHo 3a3eMiiieMoe 000py10-
BaHHE. DTO MPUBOJAUT K TOMY, UYTO NMPAKTUUYECKH HE MPOUCXOJUT BBHIPABHU-
BaHME MOTEHIIMAJIa OCHOBAHMS, HA KOTOPOM CTOUT YEJIOBEK, M 3a3€MJICHHOTO
obopynoBanusi. OPGEKTUBHOCTh MNpUMEHEHUs Takoro 3Y o0ycioBlieHa
TOJIbKO CHW)KCHHEM IMOTEHIMana 3a3eMiieHHoro obopymnoBaHus. [Ipu sTom



OKa3bIBACTCA HECYIICCTBEHHBIM YHCJIO M CXEMa PaCHOJIOKCHHUS 3a3EMIIAIO-
IIUX DJICKTPOIOB, PUC. 2.3.

[Ipu 3ambikanuu (a3pl HA KOPIYC U CTEKaHUU Toka |3 depe3 3azemiiu-
Tenb (3(X) mocTUraeT MakCMMyMa B TOYKE MOBEPXHOCTH HaJ 3a3€MIIMTENIEM
U TmpakThuecku 3atyxaer depe3 20 merpos. Ilpm 3TOM Ha pyKy dYenoBeka,
MPUKOCHYBIIIETOCS K KOPIYCY 3JIEKTPOOOOPYA0BaHUSA, ACHUCTBYET MOTEHIUAT
3a3eMIIMTENS (3, @ HOTM HAXOAATCS MO MOTEHIMAIOM, OJU3KUM K HYJIIO.
Hanpsbkenue npukocHoBeHust UITP, paBHOE pa3sHOCTH MOTEHIUAIIOB PYKHU
Y HOT, B JAHHOM CJIy4ae MPakKTUYECKH PaBHO (3.

Puc. 2.3 — BerHOCHOI#1 (COCPE0TOUYCHHBIN) 3a3¢MIINTENb

Kontypnueie 3V xapakTepusyroTCs MO BO3MOXHOCTH PaBHOMEPHBIM
pasMEIICHUEM 3a3eMIISIFOIMX JIEKTPOJOB M0 IUIOIIAAKE, HA KOTOPOM ycCTa-
HOBJICHO 3JiekTpooOopynoBanue. Takoe 3Y Ha3bIBaeTCs paclpeeiIeHHBIM.
CHIKeHUEe HaIpsbKeHUs MPUKOCHOBEHHUS B ATOM Cilyyae OOYCJIOBJIEHO HeE
TOJIBKO TE€pepacHpeaeICHUEM MNaJCHUS HANPSHKEHUS MCTOYHUKA, HO U BBI-
PaBHHUBAaHUEM IIOTEHIIMAJIOB 3a3€MJICHHOIO KOpIIyCa JJIEKTPOYCTAHOBKU W
OCHOBaHHs, Ha KOTOPOM CTOMT YeJIOBEK, Kak 3To mokazaHo Ha puc. 20. [Ipu
ATOM pACHPEAEIICHUS NMOTEHIMATIOB OTAEIIBbHBIX 3a3€MIIMTENEH CKJIaIbIBAIOT-
csi, TMOJy4daeTcsi cyMMapHoe pacmhpenenenue norteHmuana ¢@3Y(X). Takum
00- pa3oM, MOTEHIMAJIBI B TOYKaX paboyel IMIIONMIAJIKK MO0 CBOEW BEIHYMHE
npu- OJMXKAIOTCS K TMOTEHIHAy 3a3eMJICHHOTO Kopiyca oOOpyJ0BaHUS,
MOATOMY HAaIpsKEHUE NMPUKOCHOBeHHUS UJ7P 3HAYMTENbHO YMEHBINAECTCS U

COCTaBIISIET JI0JIU 3.

r Y

B kadecTBe €CTECTBEHHBIX 3a3€MIIMTEIIEN MOTYT UCIOJIB30BATHCS: MPO-
JIOKEHHBIE B 3€MJIE€ BOJONPOBOJAHBIE U JPYyTrHe METaJUIMYecKue TpyOOomnpoBo-
Il (32 MCKIIIOUEHUEM TPYOOIPOBOJOB TOPIOUMX JKHMJKOCTEH, TOPIOUUX WU
B3pPBIBOOMACHBIX Ta30B); OOcCaaHble TPyObl apTE3MAHCKUX KOJIOALIEB, CKBa-
XKUH, IyppoB U T.N.; METAJUIMYECKHE KOHCTPYKLMU U apMaTypa xerne3o0e-
TOHHBIX KOHCTPYKLUHN 34aHUA U COOPYKEHUN, UMEIOIUE COCAUHEHUE C 3EM-



JeW; METAUIMYECKUE IIIMYHThl THIPOTEXHUUYECKUX COOPYKEHHW; CBUHIIOBBIC
000J10UKH KabeneH, MPOJI0KEHHBIX B 3EMIIE.

Puc. 2.4 — Cny4aii KOHTYPHOTO (pacipeeICHHOTO0) 3a3eMIUTENs

AnfoMHHUEBbIE 000JI0UKHM Kabenel W alfOMHHUEBBIE MPOBOJHUKU HE
JIOITyCKaeTCsI KCTIONIb30BATh B KAUECTBE €CTECTBEHHBIX 3a3EMITUTEIICH.

B snekrpudeckux pacnpeaeTuTeNbHbIX YCTPOMCTBAX BBICOKOTO HArpsi-
KCHUSI B KAUeCTBE €CTECTBEHHOTO 3a3eMIIUTENS HCIOJIB3YETCS 3a3eMJICHHUE
OIOp OTXOJSIIUX BO3IYIIHBIX JIMHHUHA C TPO303aIUTHBIMH TPOCAMH TIPH YC-
JIOBUH, YTO TPOCHI HE M30JIUPOBAHBI OT OTIOP.

EcrecTBeHHBIE 3a3eMIIMTENH 00Jagar0T, Kak MPaBHIIO, MajbIM COIPO-
TUBJICHUEM DPACTEKAHHWIO TOKA, MO3TOMY HCIIONB30BaHHME HMX JUIsS Iieneil 3a-
3eMJICHHSI 5KOHOMHUYECKH BECbMa I1€Jec000pa3Ho.

3a3eMusIONIMe MPOBOAHUKH, T. €. MPOBOJHUKH, COEIHMHSIONINE 3a3eM-
JsieMoe 00OpYZOBaHUE C 3a3eMIIUTENIEM BBITIONHSIOTCS OOBIYHO M3 TIOJIOCO-
Boii cramu. [Ipokiaska WX MPOU3BOAMTCS MO CTEHAM U JIPYTMM KOHCTPYKIIU-
M 37aHUN. B KadecTBe 3a3eMIISIONIUX MPOBOJHHKOB JOMYCKAETCS HCIIOJb-
30BaTh Pa3IMYHBIC METAIUTMYCCKIE KOHCTPYKITHH.

[pucoenuHeHre 3a3eMIsIEeMOr0 OOOPYIOBaHHSI K MAaruCTpaisiM 3a3eMile-
HUS, T. €. K OCHOBHOMY 3a3eMJISIFOILIEMY TTPOBOJJHUKY, UIYILIEMY OT 3a3EMIIUTEIIS,
OCYILIECTBIISIETCSL C TTOMOIIBIO OT/ETIBHBIX MPOBOAHKUKOB. [Ipn 3TOM TOCIEnoBa-
TEJBHOE BKITFOUCHHE 3a3eMIIIEMOT0 000PYI0BaHHS HE AOITYCKACTCsI.

CoenuHeHHs 3a3eMIIIONINX MPOBOJHUKOB MEXIY COOOH, a Takxke 3a-
3EMIIMTEIISIMA U 333€MIISIEMBIMH KOHCTPYKIIMSIMH BBITIOJHSIFOTCS, KaK TPaBU-
710, CBapKOH, a ¢ KOpITycaMu aIaparoB, MAIIUH U JPYroro o0OpyI0BaHUS —

CBapKOM MJTU C TIOMOIIBIO OOJITOB.



OTAMYUTENBPHON OKPAacKOW 3a3€MIISIOLIEH CETH SIBIIIETCS YEPHBIN IIBET,
KOTOPBIM JIOJDKHBI OBITH OKpAIIEHbI BCE OTKPBITO PACIONOXKEHHBIEC 3a3€M-
JISFOLLME POBOIHUKH, KOHCTPYKLIMH U IOJIOCHI CETH 3a3€MJICHUS.

OO6nacTh MPUMEHEHHUs 3AIIMTHOTO 3a3eMJICHHUS — Tpex(asHbIe CETU 0
1 kB ¢ uzonupoBaHHOW HelTpanbio U Bbime 1 kB. ¢ mo0bm pexumom pado-
ThI HEUTPAJIN.

TpeboBaHMsI K yCTPOWCTBY 3allUTHOTO 3a3€MIICHUS M 3aHYJIEHUs OIpe-
nenensl IlpaBunamu ycrpoiictBa 3nekTpoyctaHoBok (1Y), B coorBercTBUM
C KOTOPHIMH 3aIIIUTHOMY 3a3€MJICHUIO WM 3aHYJICHUIO MOJJIEKAT BCE METall-
JUYECKUE U JPYTHe TOKOIPOBOASIIME YACTH AJEKTPOYCTAaHOBOK U 000pyIO-
BaHWs, KOTOPBIE CIy4allHO B aBApUHHOM pPEXUME MOTYT OKa3aThCs IOJ Ha-
npspxerareM (CCBT I'OCT 12.1.030-81):

— Mpu HOMHHAJIBEHOM HampspkeHnu 380 B u BbIlie mepeMeHHOTO TOKa,
440 B u BblIIIIe TOCTOSTHHOTO TOKA — BO BCEX AJIEKTPOYCTAaHOBKAX;

— MPU HOMUHAJIBHOM HampsbkeHuu Beimie 42 B, no nuxe 380 B mepe-
MeHHoro Toka u Beiie 110 B, Ho amke 440 B mocTOSSHHOrO TOKa — TOJIBKO B
MNOMEIIEHUSIX C MOBBIILIEHHONW ONAaCHOCThIO, 0CO00 OMAacCHBIX OMEUICHUX U B
HapYKHBIX JIEKTPOYCTAHOBKAX;

— BO B3PBIBOOIMACHBIX NOMEILIEHUSIX HEOOXOUMO 3a3eMJISITh Bce 000py-
JIOBAaHUE HE3aBUCUMO OT HAIIPSDKECHHUS.

[Tpu HOMUHANBHBIX HANpsKEHUsX MeHee 42 B mepeMeHHOro Toka WiH
110 B mocTOsSTHHOTO TOKa 3a3eMJICHHS UM 3aHYJICHHS SJICKTPOYCTaHOBOK HE
TpedyeTcs.

JInst 3a3emMileHHs] YCTaHOBOK, KOTOpPbIE MUTAIOTCSA OT OJIHOM CEeTH, Iielie-
CcO00pa3HO MPOEKTUPOBATH 00IEe 3a3eMiisiiolIee yeTpoiicTBo. Ecinu umeercs
HECKOJIbKO 3a3€MJISIOLIUX YCTPOMCTB, OHHM JIOJKHBI OBITh 3JIEKTPUYECKU CO-
eIMHEHBI MEX]TY COOOM.

g ocymiectBienus 3()(PEKTUBHON 3aIIUThl BEJIMYMHA COMPOTUBICHUS
3aIIMTHOTO 3a3€MJICHHs HE JOJDKHA MPEBBIIIATh 3HAYEHHUI, IIPU KOTOPBIX Ha-
NPSDKEHUE MTPUKOCHOBEHUS WJIM IIaroBOE HANPSKEHHE JOCTUTAKOT ONMACHBIX
BeymyuH (Tadm. 2.1).

Tabnuma 2.1
MagkcuMaabHO 10MyCTHMBbIE 3HAYEHH S CONPOTHBJIEHHS 3AIIIUTHOTO 3a3eMJIeHHUs B
3aBHCHMOCTH OT XapaKTEPHUCTUK YIEKTPHUYECKHUX ceTeil

Donyctumoe conpoTu-
B/IieHMe 33a3eM/IAIOLLEro XapaKTepucTUKa 3N1eKTPOoYCTaHOBOK
ycrpoictBa R, Om

INeKTPoyCcTaHOBKKU HanpsaxkeHuem ao 1000 B (HelTpanb M30AMpoBaHa)

4 [lnAa 3neKTPOyCTaHOBOK MOLLHOCTbIO MCTOYHMKA bonee
100 kBA




10 [nAa aneKTpoyCcTaHOBOK NPM MOLHOCTU reHepaTopoB U
TpaHchopmaTtopos Ao 100 KBA

125/1,, Ho He 6onee 10 (I, Ecnun 3a3emnsiolLee yCTPOMCTBO ABAAETCA 0OWMM ana
pacyeTHbI TOK 3aMbl- 9/1eKTPOYCTAHOBOK Hanpa*keHnem g0 1000 B v sbiwe 1000
KaHuA Ha 3emto, A) B
DNeKTPOYCTAaHOBKMN HanpAxeHunem Bbiwe 1000 B
250/1;, Ho He 6onee 10 Ecnu 3asemnstoLee ycTpOMCTBO MCNOb3YETCA B CETU C

N30/IMPOBAHHOWN HEMTPanblo

0,5 Ecnn 3asemnstollee ycTponcTBO MCNONb3YETCS B CETU C
3P PEeKTUBHO 3a3eM/IEHHON HENTPANbIO

Yacte 1. CHATHE 32aBHCHMOCTH MNOTEHIINAJIA OCHOBAHUSA
3JIEKTPOOOOPYI0BAHNSI OT PACCTOSIHUSA 10 323eMJIMTEJIS

Ilepedyenns 00opynoBaHNs

O6o3HayeHUE HaumenoBanue Tun [TapameTpsl
Gl Tpex¢azHblil HCTOUHUK MUTAHUS 201.4 ~3x220B /6 A
G2 Onno(a3HbI HCTOYHUK ITUTAHKUS 218.8 ~220B /6 A
3x80 B-A (3Be3na)
Al Tpexdasnas Tpanchopmaropnas rpynmna | 347.3 222%’0?2252’5?32% 53, ;3{;3,
240,245 B
A3,A4 Moienb TUHUY JIEKTPOIIEpeIadH 313.2 400B~;3x0.5A
Mopenb 3a3eMiurens ¢
Al0 BEPTUKAJIBHBIM TPYO4aThIM 326 380B~;3x05A
AIEKTPOJOM
3 MyJIbTHMETpA
Pl bnok MynsTHMETPOB 508.2 :;001(1)80AB //
0...20 MOwm

Ykazanua no mexHuKe bezonacnocmu npu 6blNoOJiIHEeHUU

aadopamopnoil padomul npeocmasnenst 6 Illpunoscenuu 1.

DJleKTpUUYeCKas cxeMa coeIMHeHuil
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YOeaurech, 9TO YCTpPOWMCTBA, MCIOJIB3yeMbIe B JKCIIEPUMEHTE, OTKIIIOYEHBI OT CETH

SIIEKTPONUTAHUA.

CoenuHure THE3[a 3allUTHOTO 3a3€MJICHUS
aKcriepuMenTe, ¢ rHe3toM "PE" ncrounuka G1.

n

YCTPOMCTB,

HCIIOJIb3YCMBIX B

CoenunuTe annaparypy B COOTBETCTBUU CO CXEMOW AIEKTPUUYECKUX COEUHEHUM.

VYcTaHOBUTE MEPEKITIOYATENSIMU KEJIAEMble 3HAUEHUS HANpPSDKEHUS MEPBUYHOM U
BTOPUUYHOM 00MOTOK TpaHchopmaTopa 6ioka Al, Hanpumep, 230 B.
VYcraHoBHUTE MepekoyaTensiMu KejlaeMble mapameTpbl Monenet A3 u A4 nuHuu
anektponepenayu, Hanpumep, R=0, L=1,2 T'n u C/2=0 mMxD.



Brirouure ucrounuk G2.

Bxirouute BBIKIIIOYATEND

HCIIOJIB3YCMbIC MYJIbTUMCTPBHI.

Bximrounte wucrouynuk Gl.

CUTHAJIM3UPOBATH CBETALUECS JTAMIIOUKH.
IIpy 3amaHHOM COIIPOTUBIEHUM TpPYHTa P MOJEIM 3azeMiuTens A6, CHUMUTE C

NOMOIIBI0 BosbTMETpa Onoka Pl

«CETb» Onoka MynbtuMerpo Pl

U aKTUBU3HUPYWUTE

O Hanmmunmn HaHpH)KeHI/Iﬁ Ha €ro BBbIXOAC OOJI?KHBI

3aBUCUMOCTb OT pPacCTOAHMA X: IIOTCHIHAIA

OCHOBaHHS 3JEKTPOOOOPYNOBaHUS Pocn = f(X) (BOJBTMETp BKIIOYATH MEXKY THE3IOM
«L» ¥ THE371aMH, COOTBETCTBYIOLIMMHU PACCTOSHUIO X ).

Tok cTekaHus B 3eMJII0 KOHTPOJUPYHTE C MOMOIIbI0 amriepmerpa Oinoka Pl. O He
JoJKeH npeBbIimats 0,5 Al

ITo 3aBCPIICHUHU OKCIICpUMCHTA OTKJJIFOYHTC BBIK/IIHOYATCJIb

mynsTuMeTpoB P1 u ucrounuku G1, G2.

[IpoaHaTH3UpyiiTe CHATYIO 3aBUCHMOCTD Qocn = f(X).

«CETb» Oioka

Yactp 2. CHsiTHE 3aBUCHMOCTH HaNPARKCHUA NPUKOCHOBCHHUS

OT PAaCCTOAHUSA 10 3a3€EMJIUTEISA

Ilepeyenb 000py10BaHNs

O603HaueHue HaumenoBanue Tun ITapamerpsl
Gl Tpexda3Hblil HCTOUHUK UTAHUS 201.4 ~3x220B /6 A
G2 Onno(da3HbIi HCTOYHUK MUTAHHS 2188 | ~220B /6 A

3x80 B-A (3Be3na)
220, 225,230 B/
Al Tpexdasnas TpanchopmaTropHas rpymnmna 347.3 133, 220 225, 230,
235,240,245 B
A3,A4 Moienb TUHUY IEKTPOIIepe1adn 313.2 | 400B~;3x0.5A
A10 MOI[@J'H) 3a3CMJIMNTCII C BEPTHKAJIBHBIM 326 380 B ~3x05A
TPyOUaTHIM BJIEKTPOJIOM
3 MyJIbTHMETpA
=0...1000 B /
Pl bnok MynsTHMETPOB 508.2 —0.10A /
0...20 MOwm

DJIeKTPpUYeCKas cxeMa CoeIMHEeHuil
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, UTO YCTPOWCTBA, UCIOIb3YEMbIE B SKCIIEPUMEHTE, OTKIIFOUEHBI

Ilopaook nposedenus padbomot

e VYOenurech

OT CCTH DJICKTPOIINTAHUS.



CoeauHuTe rHE3/1a 3alUTHOTO 3a3€MJICHUS "D YCTPOMCTB, UCIIOIB3YEMBIX
B DKcriepuMenTe, ¢ rue3oM "PE" uctounmnka G1.

CoeaunuTe anmaparypy B COOTBETCTBHM CO CXEMOW 3JIEKTPUYECKHX
COEJIMHEHUM.

YcraHOBUTE  NEPEKIIOYATENIMM  JKEIAEMble  3HAYECHMS  HANPSDHKEHUS
NEPBUYHON U BTOPUYHON 0OMOTOK TpaHcpopMmaTopa Oioka Al, Hanpumep,
230 B.

YcTaHoBUTE MEpeKIIIoYaTeNs MU JKeJlaeMble apameTpbl Mozenei A3 u A4
JUHHUH 37eKTponepenaun, Hanpumep, R=0, L=1,2 I'n u C/2=0 Mx®.
Bxurounte ucrounnk G2.

Bxmtounte  Boikimouarens «CETb»  6Gmoka mynbrumeTpoB Pl u
AKTUBU3UPYWUTE HUCIIOIB3YEMBIE MYIbTUMETPBI.

Bxurounte nctounuk G1. O Hanuuuu HaOpsHKEHUN HA €ro BBIXOJIE JO0JIKHBI
CUTHAJIN3UPOBATH CBETSIIHECS JIAMIIOYKHU.

[Ipy 3amaHHOM CONpPOTUBICHHM TpPyHTa P MOJAEIH 3a3zemudrenss A6,
CHUMHTE C MOMOILBIO BOJIbTMETpa 0s10Ka P1 3aBUCHMOCTB OT paccTOSHUS X
HanpspkeHuss npukocHOBeHUs Uyp = f(X) (BOJBTMETp BKIOYATH MEXKIY
rHE3710M «0» U THE371aMH, COOTBETCTBYIOIIUMU PACCTOSIHUIO X ).

Tok cTekaHus B 3eMJII0 KOHTPOJIIUPYHTE € IOMOLIbIO amnepmerpa Oioka Pl.
OH He nomkeH npessimars 0,5 Al

[To 3aBepuieHnn >KcriepuMeHTa oTkitounte BeikItoyaTenb «CETby» Onoka
mynsTUMeTpoB P1 u uctounuku G1, G2,

[Mpoananusupyiite CHATYIO 3aBUCUMOCTh Uyp = F(X).

Yacte 3. CHAATHE 3aBHCUMOCTH IIATOBOT0 HATIPSIKEHUSA
OT PACCTOSIHUA 10 3a3eMJINTeJIsl

Ilepedyennb 000pynoBanust

O603HaueHne HanmeHnoBanue Tun [TapameTpsl
Gl Tpexda3Hblil HICTOYHUK UTAHUS 201.4 ~3x220B /6 A
G2 OnnO0(da3HbIN HCTOYHUK TMTAHKS 218.8 ~220B /6 A

3x80 B-A (3Be3na)
220, 225,230B/
Al Tpexdaznas TpancpopmaTtopHas rpymnmna 347.3 133, 220 225, 230,
235, 240,245 B
A3,A4 Motenb JTUHUY JIEKTPOIIEpEIadH 3132 |[400B~;3x0.5A
A10 MOI[CJ'IB 3a3CMJIMNTCIIL C BEPTHUKAJIbHBIM 326 380 B ~3x05A
TPyOUaThIM 3JEKTPOIOM
3 MyJabTUMETpA
P1 biox MynbTUMETPOB 508.2 —0..1000B /
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e VY0emutech, YTO yCTPOICTBA, UCIOIB3YEMBIE B SKCIIEPUMEHTE, OTKIIOUEHBI
OT CETHU AJIEKTPOIUTAHHUS.

e CoenuHuTe THE3/a 3aIUTHOTO 3a3€MJICHUS "D YCTPOMCTB, UCIIOIb3YEMBIX
B OKcrniepuMeHTe, ¢ rae3ioM "PE" ncrounuka G1.

e (CoeauHuTe anmapaTrypy B COOTBETCTBUM CO CXEMOW JIJIEKTPUYECKHUX
COEJIMHEHUM.

e VYCTaHOBUTE [MEPEKIIOYATEISIMA  JKEJIAEMbI€ 3HAYEHUsS  HANpPsHKEHUS
NEPBUYHON U BTOPUYHON 0OMOTOK TpaHchopMmaTopa Oioka Al, Hampumep,
230 B.

e VYCTaHOBUTE NEPEKIIOUATEISIMU JKeJlaeMble napameTpsl Moaenent A3 u A4
JUHUY ekTponepenayuun, Hanpumep, R=0, L=1,2 T'u u C/2=0 mx®.

e Bximtounte ucrounuk G2.

e Bxmouute Boikmouarens «CETb» 06noka MynbtumeTpoB Pl u
AKTUBU3UPYUTE UCTIOJIb3YEMbIE MYJIbTUMETPHI.

e Bxmounte ncrounnk G1. O HaTWYMU HANIPSKEHUH HA €T0 BBIXOJIE JOJDKHBI
CUTHAJIU3UPOBATH CBETAIIUECS JIAMIIOUKHU.

e Ilpu 3agaHHOM CONPOTHUBICHUU TPyHTA P MOAEIH 3azemuuTens A6,
CHUMUTE C ITOMOIIIbIO BOJIbTMETpa OJi0ka P1 3aBUCUMOCTH OT paccTOsSTHUS X
mraroBoro HanpspkeHus Uy = f(X) (BOJIBTMETp BKIIIOYATh MEXKAY COCEITHUMU
THE3JIaMH, COOTBETCTBYIOIIUMU PACCTOSHUIO X).

e ToK CTEKaHMs B 3eMJIIO KOHTPOJIUPYHTE C MOMOILIBIO0 amrnepmerpa Oioka Pl.
OH He nomkeH npeseimars 0,5 Al

e [lo 3aBepmieHnn sKcriepuMenTa oTkimounTe BhikitouaTeab «CEThy 6moka
MynbTUMeTpoB P1 u uctounuku G1, G2.

e [IpoaHanu3upynTe CHATYIO 3aBUCUMOCTh Uy = f(X).

Jlabopamopnasa paooma Ne3

Onpeoejzenue CUJIbl IIEKMPUUECKO20 MOKa Uepe3 meJio uejlioeeka

Llenb Da6OTBI: HAaYyUYUTBCA OIPCACIIATH CHIIY JJICKTPHUYCCKOI0 TOKa
qgcpe3 TCJIO YCIIOBEKA ITPH IMTPAMOM U KOCBCHHOM ITPUKOCHOBCHHUHA

OcHoebl meopuu:

[Ipoxonas 4depe3 opraHus3M, 3JIEKTPUUECKUN TOK OKa3bIBAE€T TEpMUYE-
CKOE€, SJIEKTPOJIUTUYECKOE U OMOJIOTUYECKOE ACHCTBHUS.

Tepmuueckoe JEHCTBHE BBIPAXAETCS B OXKOrax OTACIBHBIX YYaCTKOB
TeJa, HarpeBe KPOBEHOCHBIX COCYI0B, HEPBOB U JAPYTUX TKaHEH.



DNEKTPOIIUTUYECKOE JIEWCTBHE BBIPAKAETCA B Pa3JOKEHUH KPOBU U
JPYTUX OPraHWYeCKHX MXUIAKOCTEH, YTO BBI3bIBAET 3HAUMTEIbHBIE HApYyILe-
HUS UX QU3UKO-XMMHYECKHUX COCTABOB.

buonornyeckoe neiicTBUE BbIpaXXaeTcsl B BO30YXKIACHUH KUBBIX TKaHEH
opraHu3zMa (4YTO COIPOBOXKJIAETCA HENPOU3BOJBHBIMU CYJOPOKHBIMU CO-
KpaIlleHVSIMA MBIIII), a TaKKe B HAPYIICHHWH BHYTPEHHUX OHOIJIEKTpHYE-
CKHMX IPOILIECCOB, MPOTEKAIIINX B HOPMAIBHO JIEUCTBYIOLIEM OPTraHU3ME U
TEeCHEHIINM 00pa30M CBSI3aHHBIX C €r0 KM3HEHHBIMU (QYHKIUsAMU. B pe3yb-
TaT€ MOTYT BO3HUKHYTh Pa3JIMYHbIC HAPYUIEHUS B OPraHU3ME, B TOM YHUCIIE
HapylIeHUE U J1a)K€ MOJIHOE MPEKPAIICHUE AEATEIbHOCTA OPraHOB JIbIXaHUS
U KpoBooOpaieHus. Paznpaxaromiee nelcTBUE TOKAa Ha TKaHU OpraHu3Ma
MO’KET OBITh MPSMBIM, KOTJa TOK MPOXOAUT HEMOCPEICTBEHHO MO 3TH TKa-
HSIM, U pe(IIEKTOPHBIM, T.€. Yepe3 LEHTPAJIbHYI0 HEPBHYIO CUCTEMY, KOTIIa
yTh TOKA JISKUT BHE 3TUX TKaHEM.

Hcxon BO3EUCTBUS TOKA 3aBUCUT OT MHOXECTBA (PaKTOPOB, B TOM YKC-
JI€ OT 3HAYEHUS U JUIMTENBHOCTH NPOTEKAHUs Yepe3 TEJIO YeJIOBEKAa TOKa, po-
Jla ¥ 4aCTOTHl TOKAa M WHIVWBHUAYAJIbHBIX CBOWCTB YEJIOBEKA. DIEKTPUUECKOE
CONPOTHUBIICHHUE TEJIA YEJIOBEKA U MPHUIIOKEHHOE K HEMY HAIIPSHKEHHUE BIMSIOT
Ha HCXOJ IOPAKEHUS, HO JMIIb IOCTOJIBbKY, IOCKOJIBKY OHHW OIPENENSIOT
3HAYECHUE TOKA, IPOXOAIIETO Yepe3 TEIO0 YEIIOBEKA.

DNEKTPUYECKOE COINPOTHUBIICHHE TEJIA YEJIOBEKa CKIIAJBIBACTCA M3 CO-
MPOTUBJICHUS KOXKU U CONTPOTUBJIEHUS BHYTPEHHUX TKAHEH.

Koxxa, BepHee ee BEpXHMU CJIOW, HAa3bIBAEMBIM JIMUIECPMUCOM, UMEIO-
i TonmuHy 10 0,2 MM U COCTOSIIIMM B OCHOBHOM U3 MEPTBBIX OPOr'OBEB-
IIUX KJIETOK, 00JafaeT OOJbIIMM COMPOTUBIECHUEM, KOTOPOE U OIpEAeseT
oOuiee conpoTUBJIEHUE Tena yeaoBeka. COMpPOTUBIEHUE HUKHUX CIIOEB KOXKHU
Y BHYTPEHHUX TKAHEN YENOBEKA HE3HAUNUTENBHO. [Ipy cyxoi 4McTOi M Hemo-
BPEXKJICHHOW KOXE€ CONPOTHBIICHHUE Teja 4YelOBEeKa KOJeOJeTcs B Ipenenax
2 kKOMm — 2 MOwm. Ilpu yBiIa)kHEHHWW W 3arps3HEHH KOXH, a TakKe MpH I0-
BPEXKJACHUM KOXHU (IOJ KOHTaKTaMH) CONPOTHBJICHHE TeJla OKa3bIBAaeTCA
HauMeHbITUM — 0k0JI0 500 OM, T. €. TOXOIUT J0 3HAYCHUS, PAaBHOTO COIPO-
TUBJICHUIO BHYTPEHHUX TKaHeW Tena. [Ipu pacuerax cOnmpoOTHUBIEHHUE TeEa
YyeJoBeKa MPUHUMAETCS paBHBIM 1 KOM.

3HAYEHUE TOKA, MPOTEKAIOIIETO Yepe3 TEJIO YEJOBEKA, SBIIAECTCS IJIaB-
HBIM (PAKTOPOM, OT KOTOPOTO 3aBUCUT MCXOJ MOPAXKEHHS: 4eM OOJIbIIe TOK,
TE€M OIlaCHEE €ro AeucTBUE. YelloBEeK HauMHAET OUlyIIaTh MPOTEKAIIUN Ye-
pe3 Hero Tok mpombinuieHHON YacToThl (50 I'If) OTHOCHUTENFHO MaIoro 3Ha-
yenus: 0,6-1,5 MA. DTOT TOK Ha3bIBACTCS TOPOTOBBIM OITYTUMBIM TOKOM.

Tox 10-15 MA (ipu 50 I'11) BbI3bIBaET CUIIbHBIE U BEChbMa 00JIE3HEHHBIE
CYZIOPOTH MBI PYK, KOTOPBIE YEIOBEK MPEOJOJIETh HE B COCTOSHUH, T. €.
OH HE MOXET Pa3k,aTb PyKy, KOTOPOH KacaeTcsi TOKOBEIYIIEH YacTH, HE MO-



KET OTOPOCUTH MPOBOJ OT €01 U OKA3bIBAETCSI KAaK Obl IPUKOBAHHBIM K TO-
KOBEAYIIEH 4acTH. Takou TOK Ha3bIBAETCS IOPOTOBBIM HEOTITYCKAOLIUM.

[Tpu 25-50 MA nelicTBHE TOKa pacIpOCTPaHSETCs Ha MBIl TPYIHON
KJIETKH, YTO MPUBOJIUT K 3aTPYJHCHUIO U JIa’Ke MpeKpalieHuto apixanus. [Ipu
JUIUTEJIbHOM BO3/IEMCTBUH 3TOT0 TOKA — B TEUYEHUE HECKOJIIBKUX MUHYT — MO-
KET HACTYUTh CMEPTh BCIIECTBUE MPEKPALLIEHUS pA0OOTHI JIETKHX.

[Tpu 100 MA TOK OKa3bIBaeT HEMOCPEACTBEHHOE BIMSHUE TAKXKE M Ha
MBIIIIY CEpJla; MPU JJIUTEIBHOCTU MpoTekaHusi 6onee 0,5 cekyHa TOK MoO-
KET BbI3BATh OCTAHOBKY WJIM (PUOPWLISAIUIO CEp/lIa, T.. OBICTphIE XaoTHUYe-
CKH€ U PA3HOBPEMEHHBIE COKpAICHHsS BOJIOKOH CEpACYHON MbIIbI (Ppuod-
pUILI), IPU KOTOPBIX CEPJIIE MepecTaeT paboTaTh Kak Hacoc. B pesynbpTaTe B
OpraHu3Me MpeKpalaeTcss KpoBooOpalleHne U HaCTyNaeT CMEPTh. DTOT TOK
Ha3bIBaeTCs GUOPHILISILIMOHHBIM.

JIMUTEeNbHOCTh MPOTEKAaHUS TOKA YEpe3 TEJIO YEJIOBEKA BIUSET HA UCXOA
MOPAKEHUS BCIEACTBUE TOTO, YTO CO BPEMEHEM PE3KO MOBBIMIAETCS TOK 32
CYET YMEHBIIEHUSI COMPOTUBIICHUS TEJlAa W HAKAIJIMBAIOTCS OTpPULATEIbHbIC
MOCJIEJICTBUS BO3JECICTBUS TOKA HA OPraHU3M.

Pox u yacTora TOKa B 3HAYUTEIBHOW CTENEHU ONPENEIIIOT UCXOJ IO-
paxkenusi. Hanbonee omacHbIM SIBISIETCA MEPEMEHHBIN TOK ¢ yacTtoToi 20—
100 I'm. Ilpu yacrore menbimie 20 mnm Oomnbine 100 I'p omacHOCTH mopa-
KEHHUSI TOKOM 3aMETHO CHUKAETCH.

Toku yacroroit cBeime 0,5 MI'IT He OKa3pIBAIOT pa3Apa’karoIIero Jei-
CTBUSI Ha TKaHW U MO3TOMY HE BBI3BIBAIOT BJIEKTpUUECKOTO yaapa. OgHako
OHM MOTYT BbI3BaTh TEPMHUECKUE OKOTH.

IIpy DOCTOSSHHOM TOKE IOPOTOBBIM OLIYTUMBIM TOK MOBBIIACTCS 10
6—7 MA, moporoBeIil HeoTmyckarommid Tok — 10 50-70 MA, a ¢pubpumsu-
OHHBIN MPH JIIUTETLHOCTH Bo3elicTBrs 6onee 0,5 cexynn — 10 300 MA.

Yacts 1. OnipenesieHHe CHIIbI JJIEKTPHYECKOT0 TOKA Yepe3 TeJI0 YeIoBeKa
IIpu npsiMOM MPUKOCHOBEHHH K YACTSAM, HAXOASIIUMCS 10/ HATPSKEHUEM
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Ilepeuens annaparypsbl

Puc. 1.1. Cxema juis onpeiesieHns CHIbI /IEKTPHYECKOT0 TOKA Yepe3 TeJI0 9eI0BEKA IPH MPSMOM

a) OyTh TOKA B TEJIC YeI0BEKa «PyKa — PyKay;
) MyTH TOKA B TEJIE YCIOBEKA «PYKa — HOTHY.

TIPHKOCHOBCHHE CIo K 4acTiaM,



0603nayenne Hammenopauue Tun IlapaMeTpsl

Gl OmnodasHelii HCTOYHUK MTUTAHHA 218.1 ~220B /16 A
Al Mozens nUTaWeH 3NMeKTPHYECKOH CeTH 387.1 ~220B /50 BA
A2 Mogems 3MEKTPONPAEMHHAKA C pabouci 388.1 ~9220B
H30MIAIIHel
A3 Mozenp 9e0BeKa 309.1 ~220B /1 xOm
All ABTomamqegmﬁ OIHOIIOJIIOCHBIH 359 1 ~220B /0,5 A
BBIKIIOYATENb
2 MyJIBTHMETPA
: 0...1000 B =;
P1 Briok MyJIETHMETPOB 509.2 0..10 A=
0...20 MOm

Ykazanua no mexHuKe bezonacnocmu npu 6blnoJiHeHuuU

aadopamophoil pabomul npeocmasenenst 6 Illpunoscenuu 1.

IHopsizok npoBeneHus padoTbl

Y6enurech, 9T0 YCTPOHCTBA, HCMOTB3YeMBIE B SKCIIEPHMEHTE, OTK/IFOYEHBI OT CETH 3EKTPO-
MHTaHHA.

Coe/uHATE anmaparypy B COOTBETCTBHH CO CXEMOIl JICKTPHYECKOH COeNMHEHHI, MPUBENeH-
HO# Ha pHc. 1.1.

Orrmoynte (ecnu BKIodeH) Beikmoyatens «[IMTAHUE» momenu Al nuraromedi JEKTpHYE-
CKOH ceTn. .

BiutrounTe aBTOMAaTHYECKHE BBIKIIOYATENM W YCTPOHCTBO 3al[HTHOTO OTKIIOYEHHS B OJHO-
¢aznom ucrognuke nutasns G1.

Brunioante seimouarens «CEThy» 6ioka mymsTaMerpos Pl.

AKTHBH3MPYHTE HCOJB3yeMble MYyIETAMETPEL

Bxmoanre Beixmouarens « IMTAHHUE» monemn Al

Bxmounre asromatHaeckit Bemogarens All. [Ipu 3ToM fo/mKHA 3aTOPEThCS HHIAMKATOPHAS
famria MOJIETTH 3NEKTPOLIpHeMHHRKA A2,

Cmozenupyiite npsamoe TPAKOCHOBEHHE YeI0OBCKA K aCTAM, HAXOIANIAMCA 10| HATIPSDKCHY-
€M, BTBIKAHHEM KOHIA IPOBOIHAKA «II», B rHe3mo daser «L» snekTponpueMHHKa A2, KaK 3T0
noxasano Ha puc 1.1.

C momomeio amnepMeTpa H BOIbTMeTpa GJI0Ka My/IsTHMeTpoB P1 H3MepbTe TOK Yepes Teno
YeJi0BeKa H HalpsDKSHHE IPHKOCHOBEHHS.

ITo 3aBeprmieHHH JKCIEPHMEHTA OTKIIOYHTE BEIKMIOUaTenh All H ABTOMATHYECKHE BHIKIOYa-
TN oaHO(asHoro ucrounnka nuradus Gl, senonovyaremn «[IMTAHUE» mozenn Al mu-
Taromeii snexTpuyeckoi cetd u «CETh» 6noka mynsrumMerpos Pl.

Bun o6yeu 4esopexa H THI N0Na, Ha KOTOPOM OH CTOHT, MOKHO BAPBHPOBATh, IPOBOIA IKC-
HOEPHMEHTHI C JIDYTAMH CONMPOTHBIIEHHSMH CTCKAHHIO TOKA ¢ HOT YEJIOBEKAa B 3EMITIO.



Yacrtse 2. Onpenesienne CUIbI JIEKTPHYECKOT0 TOKA Yepe3 TeJI0 YeI0BeKa
IIpu KOCBeHHOM NMPUKOCHOBEHUH K YACTSIM, HAXOSIIIIUMCSI
MO/ HATIPSIZKEHHEM
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Puc. 1.2. Cxema juis onpesie/icHAs CHIbI 2MEKTPHYECKOTO TOKA YEPE3 TENO YEI0BCKa NPH
KOCBCHHOM NPHKOCHOBEHHE €r0 K YaCTHM, HAXO/IANIHAMCA 101 HAPSKCHHEM:
a) HpH CHHKCHHH CONPOTHBICHHSA OCHOBHOMN H30ASIHHA 2ICKTpONpHEMHEEKA 10 15 kOM;

6) IpH CHEKEHUH CONPOTHBICHHA OCHOBHOMH H30:IM1MH 3/1eKTponpreMHAKa 10 10 Om.



Iopsiaoxk nposeaeHust padoThb

¢ Y0eamuteck, yTo ycTpoifcTEa, HCNOML3YEMBIE B JKCIEPHMEHTE, OTK/IOYEHB! OT CETH MEKTPo-
THTAHHS.

o CoequHHTE anuaparypy B COOTBETCTEHH CO CXCMOi WIEKTPHYESCKOH CoeTHHEHHHA, npHBeIeH-
Hoil Ha puc. 1.2, a (1.2, 6).

o  Orxmounte (ecau smouen) peixmodarens «[IMTAHWAE» monem Al nuratomelt anextpuye-
CKOM CETH.

* Brmoynte apTOMaTMuccKHe BRIKMIOYATENH H VCTPOHCTBO 3AaNIHTHOTO OTE/IOMEHHS B OJHO-

thaznoM HeTouHHEe mHTaHua (71,

Brmounre srkmo4arens «CETb» Gnoka myastamerpos P,

AKTHEHIHPYHiTE HCIOIbIYEMbIE MYIETHMETPEL

Brmognte sexmouarens «[IHTAHUE» momemm AT

Brmounte apToMaTHueckuii Bruonodarens All. [IpH 3ToM 101KHa 1aropeTECH HEIHKATOPHAS
TaMIa MOJETH MEKTPONPHEMHEEA A2,

L CMGJ&TIHP}'ETE KOCRCHHOS MPHEOCHOBCHHE Ye/I0BSKA K YacoTaM, HANONAMHMCE M0 Hanpawe-

HHEM, BTEIKAHHCM NEPEMBIYEH (KOHNA nposoguuka) «[1», B rEE3I0 3MeKTpoNpHeMHHEAa A2,
KaK 3T0 moxasano Ha puc 1.2, a (1.2, ).

* C nomompio aMuepMeTpa H BOMLTMETPa GI0KA MyIETHMETPOE Pl HIMEpETE Tok Hepes Temo
YEeNOBEKA H HAMPUKEHHE [IPHKOCHOBCHHNS,

* Ilo 3apepimieHHA 3KCIEPHMERTA OTK/IOYHTE aBTOMATHYECKHe BRKmouateny All u ommodas-
Horo uerouinka nuradnd G, sewomouarenn «[THTAHHE» mogemn Al naraiomedi anexTp-
weckoi cetTd u «CETh» Onoka mynetumerpos P1.

* Bup ofyen wenopeka H THI IONA, HA KOTOPOM OH CTOHT, MOKHO BAPEHPOBATH, TPOBOIA KC-
TIEPHMEHTE! ¢ APYTHMH COTIPOTHBIEHHAMH CTEKAHHIO TOKA ¢ HOT 9eNI0BEKA B 3CAMILID.

TpeGoBanus K oTuery

B otuer no maboparopHoii paboTe BHOCUTCS:
¢ HauMeHoBaHue U LIETb PAOOTHI.
o [IpumensiemMblie mpuOOPHI 1 000PYAOBAHHE.
o OO0mIme BBIBOBI MO pe3ysIbTaTaM CASITaHHON paOoTHI.

Jlabopamopnasn paooma Ned
Mooenuposanue 3anyneHus I1eKmpoooopyooeanus

Henb pabGoTbl: M3yunTs Ha 1a0OpaTOPHOM CTEHIE NPUHIUI PabOTHI
3alIUTHOTO 3aHYyJICHHs, Ha3HAYCHUE SJIEMEHTOB 3aHYJICHHUS (3aHyJICHUHUS
HEUTpanu MCTOY HUKA TMUTAHUSA, COCTUHEHHUS KOpPIyca 3JIEKTPOYCTAaHOBKH




C HYJEBbIM 1pO- BOJHUKOM, IIOBTOPHOIO 3a3€MJICHHS HYJEBOIO
ITPOBOJIHUKA)

OcHogubl meopuu:

3anynenue — 3TO NPEAHAMEPEHHOE SJIEKTPUUECKOE COECAUHEHUE OTKPbI-
TBIX MPOBOJSIIMX YAaCTEN SJIEKTPOYCTAHOBOK C TIIyX03a3€MJICHHON HEM-
TpaJIbHOW TOYKOM TeHepaTopa WU TpaHchopmaropa B ceTsAX Tpexda3zHoro
TOKa, C IIyX03a3eMJICHHBIM BBIBOJIOM MCTOYHHKA OAHO(A3ZHOrO TOKa, C 3a-
36MJICHHOW TOYKOW MCTOYHHKA B CETAX IOCTOSIHHOI'O TOKA, BBIIOJIHSIEMOE B
LEJISAX AIEKTPOOE30MaCHOCTH.

st coenmMHEeHUsT OTKPBITBIX MPOBOJSAIIMX YacTeW MOTpeOUTENs dJIeK-
TPOSHEPTUU C TIIYX03a3€MJIICHHOM HEUTPATbHOW TOYKOW MCTOYHWKA HUCIOJIb-
3y€TCsl HYJICBOM 3aIUTHBIN TPOBOJHUK.

HyneBbiMm 3amutHbIM npoBogHHKOM (PE — npoBogauk B cructeme TN —
S) Ha3bIBaeTCS TPOBOJHHK, COCAMHSIONININ 3aHyJseMble YacTU (OTKPBITHIC
MPOBOJASAIINE YACTH) C TIIYyX03a3eMJICHHONM HEHUTpaJbHOM TOYKOM MCTOUYHMKA
NUTaHUs TPeX()a3HOro TOKA WM C 3a3€MJICHHBIM BBIBOJOM MCTOYHUKA MUTA-
HUS OJHO(A3HOIO TOKA, MJIM C 3a3€MJICHHOM CpEAHEN TOUKOW MCTOYHUKA MH-
TaHHMS B CETSX ITOCTOSTHHOTO TOKA.

HyneBolt 3aliuTHBIN TPOBOJHUK CIAEAYET OTJIUYATh OT HYJIEBOro pado-
yero u PEN — npoBoIHUKOB.

HyneBoii pabounii nmpoBoguuk (N — mpoBoanuk B cucteme TN — S) —
MIPOBOJIHUK B AJIEKTPOYCTAHOBKAX HampsbkeHueM 10 1 kB, mpenHazHaueHHbIN
JUIS TIMTAHUS DJIEKTPOIIPUEMHHUKOB COEAMHEHHBIN C IIIyX03a3€MJICHHON HEW-
TpaJbHON TOYKON reHepaTopa WM TpaHchopMmaropa B CETIX TpexdazHOro
TOKa, C IIIyX03a3€MJICHHBIM BBIBOJOM HMCTOYHHMKA OJHO(A3ZHOrO TOKA, C TIIy-
X03a3€MJIEHHOW TOYKOW UCTOYHHKA B CETSIX MMOCTOSHHOTO TOKA.

Cosmemennbiii (PEN — npoogauk B cucreme TN — C) HyneBoit 3a-
HIUTHBIA U HYJEBOW pabouuii MPOBOJHUK — MPOBOJHUK B 3JIEKTPOYCTAaHOB-
Kax HanpsbkeHueM A0 1 kB, coBMemaromuii GyHKIMK HYJIEBOTO 3alIUTHOTO
Y HYJIEBOT0 pab0oYyero npoBOIHUKA.

3aHyneHne HEOOXOAMMO I OOCECHEYCHHS 3allUThl OT TMOPaKCHUS
AIIEKTPUYECKUM TOKOM MpPH KOCBEHHOM IMPUKOCHOBEHHHU 3a CUET CHMKEHUS
HANpPsDKEHUST KOPITyca OTHOCUTENIBHO 3€MJIM M OBICTPOrO OTKIIFOUEHUS DJIEK-
TPOYCTaHOBKH OT CETH.
O06sacTb NpUMEHEHUs 3aHYJICHHUS
Y DSJIEeKTPOyCTaHOBKM HampspbkeHueM 10 1 kB B Tpexdas3HbIx ceTsx mepe-
MEHHOTO TOKa C 3a3eMieHHOU HehTpabio (cuctema TN — S; 00bIYHO 3TO

ceru 220/127, 380/220, 660/380 B);



Y DJIEKTPOYyCTaHOBKU HampspkeHueM 10 1 kB B oHOGAa3HBIX CeTsIX Iepe-
MEHHOTO TOKa C 3a3€MJICHHLIM BBIBOJIOM;

Y 2JIEKTPOYCTAHOBKH HampsbkeHueM 10 1 kB B ceTsix MOCTOSHHOTO TOKa C
3a3€MJICHHOW CPEIHEN TOYKOW HCTOYHUKA.

Ipunyun oeticmeus 3anynenus. 1lpu 3aMmbikaHuu (pa3HOro MPOBOAA HA
3aHYJICHHBIH KOPIYC AJIEKTPONOTPEOUTENsl 00pa3yeTcs Ienb Toka oaHodas-
HOTO KOPOTKOTO 3aMbIKaHUS (TO €CTh 3aMbIKaHUS MKy (ha3HBIM U HYJICBBIM
3alUTHBIM MPOBOJAHUKAMHU). TOK 0MHO(A3HOTO KOPOTKOTO 3aMBIKAHHUS BhI-
3bIBACT CcpabaThlBAHUE MAKCUMAaJIbHOW TOKOBOW 3alllUTHI, B PE3yJIbTaTE YEro
MMPOUCXOJUT OTKIIFOUEHUE MOBPEKICHHON 3JIEKTPOYCTAHOBKU OT MUTAKOIIEH
cetu. Kpome Toro, 1o cpabaTbiBaHUs MaKCUMaJIbHOW TOKOBOMW 3aIUTHI MPO-
HMCXOJUT CHWKCHUE HAIPSHKEHUS MOBPEKICHHOTO KOPITyCa OTHOCUTEIBHO
3€MJIM, YTO CBSI3aHO C 3aIUTHBIM JCHCTBHEM MOBTOPHOIO 3a3€MJICHUS HYJIE-
BOT'0O 3AIlIMTHOTIO MPOBOJHUKA U TE€pepaclpe/ieICHUEM HaIPsKCHUM B CETH
IIpY IPOTEKAHUHU TOKA KOPOTKOTO 3aMbIKAHUSI.

lNepeyeHb annapamypbli

0O603HauyeHue HavmeHoBaHue Tun
Gl TpexdasHblh UCTOYHUK NUTAHKUSA 201.2
Al Bnok nnHelHbIX Apoccenei 337
A2 TpexdasHbii TpaHCchopmaTop 302
A5 Moaenb 3aMblKaHMA Ha 3eMJIIO0 310
A7 Moaenb 3aHyneHna 329
P1 BNOK MynbTMMETPOB 508.2

Ykazanua no mexHuKe be3zonacnocmu npu 6blNnOJ/IHEenUU

aadopamophoil pabomul npeocmasnenst 6 Illpunoscenuu 1.
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lNMopsidok npoeedeHusi pabomabi

1. Tlepen mauasom pabOTHI HEOOXOAUMO YOSAUTHCS, YTO YCTPOUCTBA, MC-
MOJIb3yEeMbI€ B SKCIIEPUMEHTE, OTKIIOUEHBI OT CETH AJIEKTPOIMUTAHUS.

2. 'me3ma 3amumTHOTO 3a3eMIIEHUSA RN YCTPOMCTB, HCIIOJIb3YEMBIX
B DKCIEPUMEHTE, COeIMHSIOTCS ¢ THe310M «PE» ncrounnka G1.
ArnmapaTtypa COeIUHSETCS B COOTBETCTBUU C JIEKTPUUECKOM CXEMOM.

4. B monmenu A5 compoTHBIICHHE 3aMbIKaHUs HA 3€MJTI0 YCTAHABIIUBACTCS

PaBHBIM OECKOHEYHOCTH: R3gpm=00.

Brxrouaercs uctounuk G1 u nuranue 6;10ka MynbTUMETPOB P1.

Pexxum riyxo3a3zeMyIeHHOW (M30JMPOBAHHOM) HEUTpaid MUTAIOICH

AIEKTPUUECKOM CETH MOJEIUPYETCs] YCTaHOBKOW (OTCYTCTBHEM) Iie-

PEMBIUKH MEXIYy THE3JI0OM HEWUTpalbHOW TOYKH TpaHcopmaTopa H

THE3/IOM COMNPOTHUBIICHHS 3azemuntesis RQ B Onoke TpexdazHoro

TpaHchopmaropa A2.

7. 3ampbikanue (a3pl Ha KOPIYC BJIEKTPOOOOPYAOBAHMS MOJACIUPYETCS
YCTaHOBKOM BBIKTIOUaTENs S B nojoxkeHue « BKJL».

8. Tok KOpOTKOTO 3aMBbIKaHUSI U3MEPSIETCS C MMOMOIIIBIO aMmriepMeTpa 0Ji0-
Ka MyJIbTUMETPOB P1.

9. Ilpu BenmMuMHAX CONMPOTHUBJICHUS LIETTH KOPOTKOTO 3aMbIkaHusa RN=1, 2,
3 OM ¥ BOBHUKHOBEHHMH KOPOTKOTO 3aMbIKaHUs (ha3bl HA KOPIYC DJICK-
TpooOOpyAOBaHUS (BBIKIIOYATENh S BKJIIOYEH) 3allUTa OTKIIOYAeT
AIIEKTPOOOOPYIOBAHUE OT CETH, YTO MPOSBIISIETCS B OTCYTCTBUU CBE-
YEHUSI CBETOJIMOJIOB B pazax MOAXOASAIINX K HEMY ITPOBOJIOB.

10.ITpu BenuumMHAX CONMPOTUBIIECHUS IEMU KOPOTKOTO 3aMbIkaHus RN=5,
10, 15, 20 OM 1 BOBHUKHOBEHHH KOPOTKOTO 3aMbIKaHUs (a3bl Ha KOP-
MyC 3IEKTPO0OOPYA0BaHMS (BBIKIIIOUATENh S BKIIFOUEH) 3al[UTa HE OT-
KITFOYAET 3JIEKTPOOOOPYAOBAHUE OT CETH, YTO MPOSBIISIETCS B HAJTMYUU
CBEUCHMS CBETOAMOJIOB B (hazax MOAXOAIIUX K HEMY ITPOBOJIOB.

11.Hanw4aue mOBTOPHOTO 3a3eMJICHHUSI MOJICIIUPYETCS] YCTAHOBKOM JIFOOOTO
€ro 3Ha4MMOT0 COITPOTUBIICHUS.

12 HanpspkeHne Ha KOpIyce 3JIEKTpooOOpPYI0BaHUSL U3MEPSIETCS C MOMO-
b0 BOJIBTMETpa 0JI0Ka MyJIbTUMETPOB P1.

13.ConpoTtuBnienre  3aMmblkaHuss Ha  3emii0  «Rgagy  #  oo»
YCTAHABIMBAETCS  TOJBKO npu MOJIETUPOBAHUN pexuMa
V30JIMPOBAHHOW HEUTPAJIA IH- TAKOLIEH JJIEKTPUUECKOMU CETH.

14 T1o 3aBepiieHuu 3KcriepumMenta uctouyHuk G1 v nuranue Ojgoka MyJib-
TuMeTpoB P1 oTkirouaercs.
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TpeboeaHusi Kk om4yemy

ITo . 9 HEoOXOMMO OTPA3UTh PE3YNIbTAT 3aMBIKAHUS Ha 3€MIIO 4Yepe3
RN =1, 2, 3 OM u cpabaThIBaHUS 3aIUTHI.
[To m. 10. HeoO6xoaMMO OTMCaTh NEUCTBHUE 3AIMUTHOTO 3aHYJICHHS TPHU Be-

JINYAHAX COTIPOTUBJICHUS LEMH KOPOTKOTO 3aMBIKAHUSA
RN =5, 10, 15, 20 Om, akueHTUpYs BHUMaHHE Ha TPOSIBICHUE ACHCTBUS
3aIIUTHOTO 3aHYJICHHS.

[To n. 11 HeoOXx0aMMO OMUCAaTh BIMSIHUE HA JICUCTBUE 3aHYJICHHUSI COMPO-
TUBJICHUS IOBTOPHOTO 3a3€MJICHUS HYJIEBOTO ITPOBOIHUKA.
Heobxonumo caenath BBIBOJIBI MO BCEM BBITIOJHEHHBIM AKCIIEPUMEHTaM

COI'JIAaCHO YKAa3aHUWAM I10 ITPOBCACHNIO OKCIICPUMCHTA.

Jlabopamopnasn paooma Ne5

Konmpons uzonayuu ¢ 3nekmpuueckoii cemu
C U30JIUPOBAHHOU HEUMPAbIO

Llenp paboThI | KOHTPOJIb HEUCIPABHOCTH U3OJISIUU B JIEKTPUUIECKOM Ce-

THU C U30JIAPOBAHHOW HEUTPAJIBIO.
Ocnoevl meopuu:

bezonacHocth npu paboTe ¢ MEKTPOYCTAHOBKAMH O0ECIIeUNBACTCS
MPUMEHEHUEM PA3JIMYHbIX TEXHUYECKUX U OpPraHU3AlMOHHBIX Mep. OHu
per-  JTaMEHTHpPOBaHbl  JACHCTBYIOIIMMHU  MpaBUJIaMU  YCTPOMCTBA
anekTpoycraHoBok (ITY 3, 2001).

KoncTpykimsi, HCHOTHEHUE, CHOCOO0 YCTaHOBKH, KJjacc W
XapaKTepPUCTUKU  M3OJSIIMM  MPUMEHSEMBIX  MalllMH,  alllaparoB,
npuOOPOB M TIPOUYEro IJIEKTPOOOOpYAOBaHUS, a TakkKe KaOenell u
MPOBOJOB  JOJDKHBI ~ COOTBETCTBBATH  MapameTpaM  CeTH WU
AIEKTPOYCTAHOBKH, PEKUMaM PabOThI, YCIOBUAM OKpY:Karollen CpeJibl U
TpeOOBaHUSIM COOTBETCTBYIOIIMX ri1aB [TY .

M3onamuusi TOKOBEAYHIMX 4YacTed (3alllUTHOE H30JIMPOBAHKUE) —
Croco0 3alUThl OT MPUKOCHOBEHUS K TOKOBEAYIIUM dvacTsaM. [IpuHImn
€ro JIeWCT- BUA OCHOBAaH Ha TIIOKPHITUM TOKOBEAYIIUX YaCTEH
W30JIALIMOHHBIM MaTepua- JioM. M30Jsiiusi TOKOMPOBOISAIIMX YacTel —
OJIHa M3 OCHOBHBIX MEpP AJIeK- TPOOE30MaCHOCTH.
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B cersx nepemeHHoro Toka Bbime 1 kB ¢ H30JMpOBaHHON WA
3a3eM- JICHHOM 4epe3 AYroracsiliuid peakTop HEUTPAIbI, B CETAX
IIEPEMEHHOr0 TOKa 10 1 kB ¢ HM30JIMpOBAHHOM HEUTPAIBI0 U B CETAX
IIOCTOSSHHOIO TOKa C MW30JIM- POBAHHBIMM IIOJIOCAMH WA €
W30JIMPOBAHHOW CPEIHEN TOYKOM, KaK MPaBH- JIO, JOJDKEH BBITOIHATHCS
aBTOMATUYECKNN KOHTPOJb HW30JALMH, NEHUCT- BYIOIIMN HAa CUTHAI IIPU
CHW)KEHUU COIPOTUBIICHUS M30JSLUN OAHON U3 (a3 (MU MOJ0Cca) HIKE
33JaHHOTO  3HAYEHMs, C IMOCIEAYIOIIUM KOHTPOJIEM AaCHMMETPUU
HaOpsDKEHUsT 1pU  [OMOINM  IOKasbIBarouiero npubopa (c mepe-
KJIFOUCHHEM ).

Jlonyckaercss ~ OCYIIECTBJIATH  KOHTPOJb  M30JLSIUUU  IIyTEM
MIEPUOIMYECKUX U3MEPEHUMN HAIIPSKEHUM € HEJBI0 BU3yAIBHOTO KOHTPOJIA
ACUMMETPHUM HANPSKEHUS.

Cornacao IIYD conpoTuBieHME H30JALMUU  TOKOMPOBOISAIINX
qacTel 3JEKTPUUYECKUX YCTAaHOBOK OTHOCHUTENIBHO 3E€MJIM JIOJDKHO OBITh
He Menee 0,5-10 MOM. Pasnuuaror pabouyro, TBOWMHYIO M YCHJIICHHYIO
pabouyro M30- JIALHIO.

PaGoueii Ha3pIBaeTCS M3OJIAIMS, 00ECIEYUBAIOIIAS HOPMAIbHYIO paboTy
ANEKTPUYECKON YCTAHOBKM W 3alIUTy MEPCOHANIA OT MOPAKEHHUS DJIEKTpHUYe-
CKMM TOKOM. JIBOiHasi M30JsiLUsl, COCTOsIas U3 paboyell U JOMOJHUTENb-
HOM, UCIOJIB3YETCsl B TE€X Cly4asix, Koraa TpeOyeTrcss o0ecneynTh MOBBIIICH-
HYIO 3JIEKTpPOOE30MaCHOCTh 00OpYAOBaHMS (HAIPUMEP, PYYHOTO 3JIEKTPOUH-
CTPYMEHTA, OBITOBBIX JJICKTPUYECKUX MNpUOOpPOB U T. A.). CONpOTHUBIICHHE
JBOMHOW M30JIAIIMKA JOJKHO OBITh HE MeHee 5 MOM, uro B 10 pa3 mpeskbina-
€T CONMpPOTHUBIIEHNE OOBIUHON paboueit. B psge cioydaeB pabodyro U30ISIUIO
BBITIOJTHSIFOT HACTOJIBKO HAJEHKHO, UTO €€ JIEKTPOCOMPOTUBIIEHHE COCTABIISIET
He MeHee 5 MOM u moToMy OHa OOEeCreuMBaeT TaKylo K€ 3alluTy OT TMopa-
JKEHUSI TOKOM, Kak W JABOMHAs M30JALMsA. Takyro M30JALUI0 Ha3bIBAIOT yCH-
JICHHOU paboyet n30sIuei.

lNepe4yeHb annapamypsl, ucrnosib3yemMou e 1labopamopHolu

pabome

0O603HayeHue HanmeHoBaHue Tun
G1 TpxdasHbI UCTOYHMK NUTAHUA 201.2
Al BAok nvHelHbIX apoccenen 337
A2 TpexdasHbit TpaHchopmaTop 302
A3 Moaenb y4acTKa 3N1eKTPUYECKOMN ceTu 303
A7 Mogenb conpoTMBAEHUA N30ALUN 311
A8 YCTPOMCTBO KOHTPOAA U30AALUMK 316
P1 BNOK MynbTUMETPOB 508.2

82



Ykazanua no mexHuKe o0e3zonacnocmu npu 6blNOJIHeHUU

aadopamophoi pabomul npeocmasenvt ¢ Ilpunoscenuu 1.
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lMopsidok npoeedeHusi pabomal

Ilepen nauamom pabOThl HEOOXOIUMO YOEIMUTHCS, YTO YCTPOICTBA, HC-
MOJIb3YEMbBIC B OKCIIEPUMEHTE, OTKIIFOUEHBI OT CETH JIEKTPOITUTAHHUS.

['He3ma 3ammMTHOrO 3a3eMIIEHUS RN YCTPOMCTB, UCHOJb3YEMBIX B
9KC- MepUMEHTE, coeUHsIoTCA ¢ THe30M «PE» ucrtounnka G1.
Arnmnaparypa COeIUHSIETCA B COOTBETCTBUU C AJIEKTPUUECKON CXEMOM.
Emxoctn a3 wMomenum A3 yCTaHABIMBAIOTCS  PaBHBIMH  HYJIO
CA=CB=Cc=0.

VYcranaBnuBaroTcs xenaemble conpotuBieHus RA, RB, RC uzomsanuu
da3z monenu A3 u conporuiieHus R uzosnsiiuu moaenu A7.

Bxumrouaercst uctounuk G1 u nuranue 010ka MyasTUMETpoB P1.

C nmomouibo BOJIBTMETPOB 0JI0Ka MyIbTUMETPOB Pl usmepsrorcs Hanpsi-
xeHus (a3 anekTpuueckoi cetd. [1o HUM CyIAT O COOTHOIIEHHH COIPO-
TUBJICHUH U30JIS1IUU 3TUX (Da3.

BennuuHy, paBHYIO Mapajuie]bHO COEAVMHEHHBIM COIPOTHBIICHHUSM H30-
JSIUM BCceX TpeX (a3, CUYMTHIBAIOT C MHAMKATOpa YCTPOIICTBA KOHTPOJIS
W30JIALIUH.

[To 3aBepmiennn skcepuMenTa uctouHuk Gl u nutanue 6510Ka MyJTbTH-
MeTpoB P1 oTkirouaercs.

TpeboeaHusi kK oghopMsIeHUI0O omyema

B oTtuet no nabopaTopHoii paboTe BHOCSTCS:
HanmMenoBanue u 11e7b padoThI.
[Tpumensiemblie TpuOOPHI M 000PYIOBAHHE.
3anoTHEHHBIE Ta0IUIBI C HEOOXOIMMBIMHU PACUCTHBIMH (POpMyIaMHu.
OO01m1e BBIBOJIBI 1O pe3yiIbTaTaM CACIaHHON paboTHI.
Pe3ynbpTaThl 5KCIIEPUMEHTOB 3aHOCATCS B Ta0. 12.
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3KCHepI/IMeHTa.TIBHaﬂ Taﬁmma

Tab6auma 5.1

®dasbl ceTn ConpotusneHue Cuna ToKa, A HanpsaxeHue, B
M3oNALuUn
Ra
Rs

Re




Jlabopamopnasa paooma Neb
H3zmepenue conpomuenenus 3azemnenus

Llesib paboOTHI: H3MEPEHNE TOKA CTEKAIOIIEr0 B 36MIIIO Yepe3 3a3eMIIMTENb U
HaIPSHKEHUS MEXTY HUM U IOTEHIMAJIBHBIM AJIEKTPOJOM Ha Pa3IndHOM
ylajJeHuH oT 3a3eMiuTenss. @opMyIrpoBKa BeIBOAA O 3D PEeKTUBHOCTH
3alUTHOTO 3a3€MJICHUS.

OcHoébl meopuu:

Bce cnyyan mopakeHHsI 4eJIOBEKa TOKOM B PE3yJIbTATE IJIEKTPUUECKOTO
yAapa BO3MOXHBI JIMIIb IPU 3aMbBIKAHUM JJIEKTPUYECKOM LIENMU 4Yepe3 TEJo
YyeJI0BeKa WM, MHA4Y€ TOBOPs, IPU MPUKOCHOBEHNHN YEJIOBEKA HE MEHEE YEM K
JIBYM TOUYKaM LIENH, MEXKITY KOTOPBIMHU CYIIECTBYET HEKOTOPOE HANIPSKECHHUE.

OnacHOCTh Takoro NPUKOCHOBEHHUS, OLIEHHWBAacMas 3HA4Y€HHEM TOKa,
IIPOXOAILErO Yepes3 TEIO0 YEIOBEKA, UM K€ HANPSKEHUEM ITPUKOCHOBEHUS,
3aBUCHUT OT pAJia GaKTOPOB: CXEMbl 3aMbIKaHUS LIETIM TOKa Yepe3 TEJI0 Yeso-
BEKa, HaIlPSHDKEHHUE CETH, CXEMOW CaMOM CeTH, peKuMa ee HeWTpanu (T. e. 3a-
3eMJICHAa WJIM HW30JIMPOBAHA HEUTpallb), CTENEHU H3OJSUUU TOKOBEIYIIHUX
yacTer OT 3€MJIM, a TAKXKE OT 3HAYEHHM EMKOCTH TOKOBEIYIIUX YaCTEN OTHO-
CUTEJIbHO 3€MJIU U T. II.

CrenoBaTenpHO, yKa3aHHas OIACHOCTh HE SIBISIETCS OAHO3HAYHOM: B
OJIHUX CITy4yasix 3aMbIKaHUE LM TOKa Yepe3 TEJO YejoBeKa OyAeT COMpoBo-
YKIATHCS MMPOXOKIAECHUEM YEPE3 HETO MAJIBIX TOKOB M OKAYKETCS HE ONAaCHBIM,
B JIPYTUX — TOKU MOTYT JOCTUTaTh OOJBIINX 3HAYEHUH, CIOCOOHBIX BHI3BAThH
CMEpPTEIIBLHOE ITOPAXKEHUE YETIOBEKA.

OpnHOM U3 OCHOBHBIX MPHYMH HECYACTHBIX CIIy4aeB OT 3JIEKTPHUUECKOIO
TOKA SIBJIAETCS MOSIBIICHUE HAMPSIKEHUS HA METAIUTMYECKUX KOHCTPYKTUBHBIX
YacTAX AJIEKTPOOOOPYAOBaHUS, KOTOPble HOPMAJIbHO HE HAXOAATCA MOJ Ha-
MPSDKEHUEM, — Ha KOPITyCax, KOXKyXaxX, OTpaKJICHUsAX U T. .. HanpsokeHne Ha
OTUX YaCTAX MOXKET MOSABUTHCA KaK PE3YJbTAT: MOBPEKIACHUS U30JALNUNA TO-
KOBEIYIIMX YacTeil 3JIeKTpooOOpy0BaHuUs (BCIEACTBUE MEXAHHMYECKUX BO3-
JEUCTBUMN, DJIEKTPUYECKOTO POOOsI, ECTECTBEHHOTO CTapeHUs U T. 11.); Maje-
HUS MTPOBOJA, HAXOASAIIETOCS O] HAIPSKEHUEM, HA KOHCTPYKTUBHBIE YaCTH
ANEKTPOOOOPYAOBaHMS; 3aMbIKaHUs (pa3bl CeTH Ha 3eMito. OmacHOCTh mopa-
JKEHHSI TOKOM B 3THX CJIy4dasX YCTPAHSETCSA C MOMOULIBIO 3aIMTHOTO 3a3€M-
JIEHUS, 3aHYJEHUS, 3allATHOrO OTKJIFOUYEHHWs, BBIDABHUBAHHMS IOTEHIIMAIA,
JBOMHOM M30JIAIMEH, a Takke OJarogaps MpUMEHEHUIO MaJIbIX HAIMPSHKECHUN



U CIEIUATbHBIX 3alUTHBIX CPEACTB — MEPEHOCHBIX MPUOOPOB U MPHUCIOCOO-
JICHUU.

3alMTHBIM 3a3eMJIEHMEM HAa3bIBACTCA NPEAHAMEPEHHOE DJICKTpHUYe-
CKOE€ COEJIMHEHHE C 3eMJIEH WM €€ 3KBUBAJIEHTOM METAJUIMYECKHUX HETOKO-
BEIYLIUX YacTel, KOTOPbIE MOTYT OKa3aThCs IMOJ HANPSHKEHUEM BCIICJICTBHE
3aMbIKaHMS Ha KOPIYC W MO JPYTUM MpUYUHAM (MHIYKTUBHOE BIIMSHUE, BbI-
HOC MOTEHIMANA U T. 11.).

[IpyHIMI OEWCTBUS 3aIUTHOTO 3a3€MIJICHUSI — CHUYKCHHE HAIPSKEHUS
MEXIy KOPITyCOM, OKa3aBLIMMCS IO HalpsbDKeHHEeM, U 3emiied 10 Oe3omnac-
HOTO 3HayeHus. /[aHHOe HamnpsHKEHUE HA3bIBACTCS HAMPSHKEHUEM MPUKOCHO-
BeHUs! Upp. ITO JOCTUTAETCS IMTyTEM YMEHBIIICHUS MOTEHIIMAIA 3a3€MJICHHOTO
000Opy/I0BaHMsI, @ TAKXKE IMyTEM BBIPABHHWBAHUS MOTEHIIMAJIOB OCHOBAHMS, Ha
KOTOPOM CTOMUT YEJIOBEK, U 3a3€MJICHHOT'O 000PYI0BaHUs, 3a CUET MOSBIICHUS
MOTEHIIUAJIOB HA MTOBEPXHOCTH 3€MJIM IIPU CTEKAHMM TOKa B 3eMJIIO. /[aHHbBIE
NOTEHIMAJIBl BO3HUKAIOT M3-3a CPABHUTEIBHO OOJBLIOTO YAEIBHOIO COIpO-
TUBJICHUS TPYHTA (1><103—1><104 OM M.) ¥ YMEHBIIIAIOTCS TI0 MEpe YAAICHUS
OT MECTa CTeKaHHs TOKa B 3eMilt0. B HemocpencTBEHHOM OJIM30CTH OT MecTa
CTEKaHMS TOKa B 3€MJIIO TTOTEHIIMAJl OCHOBAaHMS, HA KOTOPOM CTOHUT YEJIOBEK,
MPAKTUYECKU PAaBEH MOTEHIMATY 3a3€MJICHHOTO oOopymoBanuda. [lpu sTom
Pa3HOCTh MOTEHUIUAJIOB, ONMPEACISAIONIAs HANPSIKEHUE NPUKOCHOBEHUS, MHU-
HuManibHA. [lo Mepe ynaneHus JaHHOTO OCHOBAHHUS OT MECTa CTEKaHUsl TOKa
B 3€MJII0 YKa3aHHasl pa3HOCTh MOTEHIIMAJIOB BO3PACTAET, TO €CTh 3P(EKT BbI-
paBHUBaHUS NOTEHIMAIOB ocinabeBaer. [lpu ynaneHuu yeiaoBeka OT MecCTa
CTeKaHUs ToKa B 3eMit0 Ha 20 METpoB 1 OoJiee HAMPSKEHUE TPUKOCHOBEHUS
MPAKTUYECKU PAaBHO MOTEHIIUAY KOPIyca AJEKTPOYCTAHOBKU OKa3aBIIEHCS
Mo HANPsKEHUEM.

Ecnmu kopryc 35eKTpooOOpyI0BaHUS HE 3a3eMJIEH, U OH OKa3alicid B
KOHTaKTe C (pa3oi, TO MPUKOCHOBEHUE UEJIOBEKA K TAaKOMY KOPIYCY paBHO-
CWJIBHO TMPUKOCHOBEHHIO K ¢aze. B sTom ciyyae BenmnymHa TOKa B KOM-
TUIEKCHOM (hopMe, MPOXOJISIIETO Yepe3 TeI0 YeIOBeKa, MPUKOCHYBIIIETOCS K
¢dazHoMy mpoBoay Tpex(da3zHOU IIEKTPUUECCKON CETH C M30JUPOBAHHON HEM-
TpaJbio (pHUC. 22), ONIPEaeISIeTC COOTHOIIICHHEM:

L =Uy/(R, + Rys + R, + Z,/ 3), (6.1)

rae L, Uy, Z, — KoMIutekcsl Toka, A, (pasHoro Hampsbkenusi, B u conpoTus-
JeHus u3osiiuu oaHou (daszel, Om; R, — conpoTuBnenue Tena yenoBeka, Owm;
R, — comportuBienne o0yBu uenoBeka, OM; R, — comportuBienue moia (oc-
HOBaHus ), OMm.
[Ipu ManoM conmpoTHBICHUU OOYBH, T0JIa U U30JISIITUU TTPOBOJOB OTHO-
CHUTEJILHO 3€MJIM 3TOT TOK MOXKET JOCTUTATh OTTACHBIX 3HAYCHHIA.



Jis Tpexda3Hol SICKTPUIECKON CETH C TIIyXO 3a3eMJICHHOW HEWTpa-
JIBI0 TIPOBOJUMOCTH M30JIAIHMH (Da3HBIX TMPOBOJOB OTHOCHTEIIHHO 3€MJIH TIpe-
HEOpEKMMO Majia IO CPABHEHHUIO C MPOBOJUMOCTBIO 3a3eMJICHHsI HEUTpay,
MOATOMY BEJIMYMHA TOKA Yepe3 TEJO YEJIOBEKA MPAKTUYECKU HE 3aBUCUT OT
COINPOTHUBJICHUSI U30JISIIIUU U paBHA

l, =U, I(Ry + R + R, +Ry), (6. 2)

52208 Tp 6105 .

Puc. 6.1- [IpukocHOBeHuEe yenoBeka K (ha3HOMY MTPOBOY TpeX(da3HOM AIeKTpuie-
CKOM CETH C U30JIMPOBAHHON HEUTPAJIbIO

Haubonee neOnaronpusaTHbIN ciayyail OyJeT, KOrja 4ejoBEeK MPUKOC-
HYBIIMICS K (a3e MMeeT Ha HOraX TOKOMPOBOJSIILYI0 OOYBb — CBHIPYIO HIIA
HNOJOUTYIO0 METAJUIMYECKUMHU I'BO3ASIMH U CTOUT HEMOCPEICTBEHHO Ha ChIPOil
3eMJIe WM Ha MPOBOJSIIEM OCHOBAaHMU — HA METAJJIMYECKOM IOJy, Ha 3a-
3€MJICHHON MEeTaJUIMYECKON KOHCTPYKITUH, T. €. KOTJla MOXHO MpUHITH R,s=0
u R,=0. ConpotuBrienue 3a3emiieHusi HeUTpamun Ry 0OBIYHO BO MHOTO pa3
MEHbIIIE COMPOTUBIICHUS Tela YeloBeKa (Kak mpaBuio, Ry He mpeBbIIaeT
10 Om) 1 um MoxHO TipeHeOpeyb. [Ipu >TUX ycmoBUsSX BeIHMUMHA TOKA Yepes
TEJIO YeJIOBeKa JOCTUraeT onacHoi BennunHbl. Hanmpumep, npu R,=1000 Om
(BmosHe BeposTHas BennunHa) U R,=4 Om 1,=220/(1000+4)=0,22 A.

3a3eMJISIOIIMM YCTPOMCTBOM HA3bIBAETCSI COBOKYITHOCTD 3a3€MIIMTENS —
METATIMYECKUX MPOBOJHUKOB, HAXOMSIIUXCS B HENOCPEACTBEHHOM COIPH-
KOCHOBEHUHU C 3eMJIel, M 3a3eMJISIOIIMX MPOBOJHUKOB, COEAMHSIOIIMX 3a-
3eMJISIOIINE YACTHU C 3a3€MIIUTEIIEM.

3azeMnuTen OBIBAIOT MCKYCCTBEHHBIE, MPEJHA3HAUYEHHBIE HCKIIOYH-
TEJIBHO JJIS LEeJell 3a3eMJIEHUS U €CTECTBEHHbIC, HaXOMSIIMECs B 3eMie Me-
TaJUIMYECKHUE TPEIMETHI MHOTO Ha3HAUYEHUS.

JIJIsi UICKYCCTBEHHBIX 3a3eMJIUTENCH MPUMEHSIIOTCS OOBIYHO BEPTUKAIIb-
HBIE€ ¥ TOPU3OHTAJIBHBIC SJIEKTPOABI, T.€. OJUHOYHBIE 3a3EMIIUTEIH.
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Puc. 6.2 — IIpukocHOBeHUE yenoBeka K ¢pazHOMY MPOBOAY Tpex(ha3HOH dNeKTpuye-
CKOM CETH C TIYXO0 3a3€MJICHHON HEUTPaJIbIO

B xayecTBe BEpTUKAIBHBIX AJIEKTPOJOB UCIOJIB3YIOTCS CTAIbHBIC TPYOBI
auameTpoM 3-5 ¢cM U yrioBas cTaib pasmepoM oT 40x40 mo 60x60 mm
JUIMHHOM 2,5-3 M, a Takke cTanbHbIe IPYTKU AuamerpoM 10-12 mm u qymH-
HOMU J10 I€CSITH METPOB.

JIJis coemMHEeHMs] BEPTUKAIBHBIX JIEKTPOJIOB MEXKIYy COOOM U B KayecT-
BE€ CAMOCTOSITEIIbHOIO TOPU3OHTAIBHOTO 3JIEKTPOJa MPUMEHSETCS MOJI0COBas
CTaJb CEYCHUEM HE MeHee 4X12 MM WM CTalb KPYIJOro CEYEHUS ITHAMET-
pOM He MeHee 6 MM.

JI71st morpy>KeHUs B 3€MJIF0 BEPTUKAIIBHBIX 3JIEKTPOJOB MPEABAPUTEIHHO
porot Tpanimiero riayounon 0,7-0,8 M, mocie dyero mx 3a0MBAIOT U BEPXHHE
KOHIIbl COEOUHSIOT CTaJbHOW IOJIOCOM C NMOMOLIBK CBapku. B Takux xe
TpaHIIEsIX MPOKIAJBIBAIOT U TOPU3OHTAIBHBIE DJIEKTPOAbl. TpaHIIeio 3achl-
MaroT 3eMJieH, OYUIICHHOW OT CTPOUTEIHHOIO MYCOpa, a 3aTeM TINATEIbHO
yTpaMOOBBIBAIOT, YTO 0OECIEUMBAET JTYUIIYIO MPOBOAMMOCTh IPYHTA, a Clie-
JI0BaTENIbHO, YMEHBIIIAET PACX0]l METAJIJIa HA YCTPONUCTBO 3a3eMJIICHUSI.

B 3aBuCMMOCTH OT MecTa pa3MelIeHUs 3a3eMJIUTENsI OTHOCUTENILHO 3a-
3eMJISIIOIIETO 00O0PYIOBaHUS Pa3iMnyaloT JiBa THUMA 3a3eMJISIOIINX YCTPOMCTB
(3Y) — BeiHOCHOE 3Y 1 KOHTYpHOE 3Y. YV BbIHOCHOTO 3V 3a3eMJIUTENh BhIHE-
CEH 3a MpeJeNbl MIONIAAKH, Ha KOTOPOU pa3MelieHo 3a3eMisieMoe 000pya0-
BaHUE. DTO MPUBOJIUT K TOMY, UYTO MPAKTUYECKH HE MPOUCXOIUT BBHIPABHU-
BaHME MOTEHIIMAaTa OCHOBAHUSI, HA KOTOPOM CTOUT YEJIOBEK, U 3a3€MJICHHOTO
obopynoBanusi. DGHEKTUBHOCTh TPUMEHEHHS Takoro 3Y o00ycioBiieHa
TOJIbKO CHHXEHUEM TOTEHIIMAJa 3a3eMJICHHOTO obOopynoBaHus. [Ipu sTom
OKa3bIBACTCS HECYIIECTBEHHBIM YHCIIO W CXEMa PACIOIOKEHHUS 3a3eMIISIO-
IITUX DJICKTPOJIOB, puc. 24.



[Ipu 3ambikanuu (a3pl Ha KOPIYC U CTEKaHUU Toka |3 depe3 3azemiin-
Tenb (3(X) mocTUraeT MakCMMyMa B TOYKE MOBEPXHOCTH HaJ 3a3€MIIMTEIIEM

U mnpakThuecku 3atyxaer yepe3 20 merpos. Ilpu 3TOM Ha pyky dYenoBeka,
MPUKOCHYBILIETOCS K KOPIYCY 3JEKTPOOOOPYIOBaHUsA, ACUCTBYET MOTEHIUA
3a3eMIIMTENS (3, @ HOTM HAXOAATCS MO MOTEHIHAIOM, OJU3KUM K HYJIIO.

Hanpsikenue npuxocHoBeHust UTIP, paBHOE Pa3HOCTH MOTEHIMAJIOB PYKU
Y HOT, B JAHHOM CJIy4ae MPaKTUYECKHU PaBHO (3.

Puc. 6.3 — BerHOCHOI1 (COCPE0TOUYCHHBIN) 3a3¢MIINTENb

Kontypubie 3V xapakTepu3yroTcsi MO BO3MOXHOCTH PaBHOMEPHBIM
pa3MEeLIEHUEM 3a3eMIIIOIIMX AJIEKTPOJOB IO IUIOLIAJIKE, HA KOTOPOM ycTa-
HOBJIEHO 23JIeKTpooOopyaoBanue. Takoe 3V HazbIiBaeTcs pacrpeeieHHBIM.
CHIKEHUE HaIpsHKEHUs! MPUKOCHOBEHHUS B 3TOM Cily4yae OOYyCIIOBJIEHO HE
TOJIBKO TIepepaclpeeICHUEeM MaJIeHUs] HaNpsHKEHUsT UCTOYHMKA, HO U BbI-
PaBHUBAHHEM TMOTEHIMAJIOB 3a3€MJICHHOIO KOpITyCa 3JIEKTPOYCTAHOBKH H
OCHOBaHMsI, HA KOTOPOM CTOMT YeJIOBEK, Kak 3TO Moka3aHo Ha puc. 25. [Ipu
ATOM paclpeieNieHusl MOTEHIMAIOB OTJEIbHBIX 3a3€MJIUTENCH CKIaJbIBAIOT-
csl, TOJIydaeTcsi CymMMapHoe pachpeneienre noteHnuana @3 (X). Takum
00- pa3oM, MOTEHIIMANIBI B TOYKAX paboueil IJIOMIAJIKU MO CBOEW BEJIMYUHE
npu- OJIMKAIOTCS K TMOTEHIMalTy 3a3eMJIEHHOTO Kopiyca oOOpyAOBaHMS,
MO3TOMY HaIpsiKEHUE NMPUKOCHOBEHHUS UJ7P 3HAUMTENIbHO YMEHbIAETCS U
COCTaBJIISIET JIOJIH (3.

B kauecTBe eCTECTBEHHBIX 3a3€MIIMTENIEH MOTYT MCIOJIb30BaThCs: MPO-
JIO’KEHHBIE B 3€MJIE BOJIOMPOBOIHBIE U JPYTHEe METAUIMYECKUE TPYOOIpoBO-
Jbl (32 MCKIIIOUEHHEM TpPYOOINPOBOJOB TOPHOYMX KUJIKOCTEW, TOPIOYMX WITU
B3PBIBOOIIACHBIX Ta30B); OOcCagHbIe TPyOBbl apTE3MAHCKUX KOJIOMIEB, CKBa-
KUH, IyphoB U T.M.; METAJUTMUYECKHE KOHCTPYKIIMU U apMaTypa xerne3o0e-
TOHHBIX KOHCTPYKLMH 34aHUN U COOPYKEHHMM, UMEIOIIUE COCAUHEHNE C 3EM-
Jed; METAUTMYECKUE IIMYHThl THIPOTEXHUUYECKUX COOPYNKEHUM; CBUHIIOBBIC
000JIOUKY KaOeei, MPOI0KEHHBIX B 3EMJIE.



Puc. 6.4 — Cnyuaii KOHTYpHOTO (pacipeeICHHOT0) 3a3EeMIIUTENs

AJIOMUHHEBBIE 000JIOUKM KaOesie W aJlIOMUHHUEBBIC MPOBOJHUKH HE
JIOTMYCKAeTCs UCI0JIb30BATh B KAUECTBE €CTECTBEHHBIX 3a3€MIIUTEIICH.

B snextpuueckux pacnpeieuTeNbHbIX YCTPOUCTBAX BBICOKOTO HaIpsi-
JKEHUSI B KAUE€CTBE €CTECTBEHHOI'O 3a3e€MJIMTENS MCIOJIb3YeTCsl 3a3eMJICHUE
OTOp OTXOJSIIIMX BO3IYIIHBIX JIMHUM ¢ TPO303AMUTHBIMU TPOCAMH TIPU yC-
JIOBHH, YTO TPOCHI HE M30JIMPOBAHBI OT OIOP.

EcrecTBeHHBIC 3a3eMIMTEIN 00Jaa0OT, KaK MPABUJIO, MajbIM COIPO-
TUBJIEHUEM PACTEKaHUIO TOKA, MO3TOMY MCIIOJIB30BAHME WX IS IeJield 3a-
3eMJICHUS SKOHOMHUYECKH BeChMa 11eJ1eC000pa3Ho.

3azemisitoliie MPOBOJHUKH, T. €. MPOBOJAHUKH, COCIUHSIONINE 3a3€M-
JsieMoe O00OPYJIOBAaHHME C 3a3€MJIMTEJIEM BBIMOJHSIOTCS OOBIYHO U3 TOJIOCO-
Boi ctanmu. [Ipokiagka ux MPOU3BOJUTCS MO CTEHAM U JAPYTMM KOHCTPYKIIM-
M 37aHui. B kadecTBe 3a3eMIISIONIUMX MPOBOJHUKOB JOMYCKAETCS HCIOJb-
30BaTh Pa3IMYHbIE METALTNYECKUE KOHCTPYKIIUH.

[IpucoenuHeHne 3a3eMysieMOro OOOpYIOBaHMS K MAarvucTpaisiM 3a3emiie-
HUS, T. €. K OCHOBHOMY 3a3€MJIIOILIEMY IMPOBOJIHUKY, HIYIIEMY OT 3a3€MIIUTEIS,
OCYILIECTBIISIETCS] C TIOMOIIBIO OTAETBHBIX MPOBOAHUKOB. [Ipu 3TOM mocnenoa-
TEJTbHOE BKITFOUCHUE 3a3eMIIIEMOT0 000PYI0OBAHUS HE TOITYCKACTCS.

CoenuHeHusT 3a3eMJISIONIUX MTPOBOJHUKOB MEXIAY COOOM, a Takxke 3a-
3eMJIMTENSIMU U 3a3€MJISIEMbIMU KOHCTPYKIIUSIMUA BBITIOJIHSIOTCS, KaK MPaBU-
JI0, CBApKOM, a ¢ KOPIyCaMH armapaToB, MallliH U JPYroro 000py/10BaHUS —
CBAPKOM MJIM C TOMOIILIO0 OOJITOB.



OTIMYNATENHEHON OKPAaCKOW 3a3eMIISIOIIEH CETH SBIISETCS YEPHBINA IBET,
KOTOPBIM JIOJDKHBI OBITH OKpAIIEHbI BCE OTKPBITO PACIIONOKECHHBIC 3a3eM-
JISIFOIIHE TPOBOIHUKHY, KOHCTPYKIIUHU U TIOJIOCHI CETH 3a3€MJICHHSL.

OO6nacTh MPUMEHEHHUs 3AIIMTHOTO 3a3eMJICHHUS — Tpex(asHbIe CETU 0
1 kB ¢ u3onupoBanHo#t HelTpaibio U Bbilie 1 kB. ¢ M00bIM pexumMoM pabdo-
ThI HEUTPAJIH.

TpeboBaHusI K yCTPOWCTBY 3allUTHOTO 3a3€MJICHUS M 3aHYJIEHUs OIpe-
nenensl IlpaBunamu ycrpoiictBa 3nekTpoyctaHoBok (1Y), B coorBercTBUM
C KOTOPHIMH 3aIIUTHOMY 3a3€MJICHUIO WM 3aHYJICHUIO MOAJIEKAT BCE METall-
JUYECKUE U JPYTHe TOKOIPOBOASIIME YACTH AJIEKTPOYCTAaHOBOK U 000pyIO-
BaHUs, KOTOpPbIE CIy4ailHO B aBapUHOM pEXHMME MOTYT OKa3aThCs MO Ha-
npspxkenrnem (CCBT I'OCT 12.1.030-81):

— Mpu HOMHHAJIBEHOM HampspkeHnn 380 B u BbIlle mepeMeHHOTO TOKa,
440 B u BbIIIIe TOCTOSTHHOTO TOKA — BO BCEX AJIEKTPOYCTAaHOBKAX;

— NP HOMUHAJIBHOM HampsbkeHuu Beimie 42 B, no nuxe 380 B mepe-
MeHHoro Toka u Beimie 110 B, Ho Hmkxe 440 B 1moCTOSSHHOTO TOKa — TOJIBKO B
NOMEIIEHUSX C MOBBIILIEHHOW ONAaCHOCThIO, 0CO00 OMAacCHBIX OMEUICHUX U B
HapY>KHbIX JJIEKTPOYCTAaHOBKAX;

— BO B3pBIBOOIMACHBIX NOMELIEHUSIX HEOOXOUMO 3a3eMJISITh Bce 000py-
JIOBaHHME HE3aBUCUMO OT HaIPSKEHUSI.

[Tpr HOMUHATBHBIX HANpPSOKEHUSX MeHee 42 B mepeMeHHOro TOoKa WIiH
110 B mocTosSTHHOTO TOKa 3a3eMJICHHS UM 3aHYJICHHS SJIEKTPOYCTaHOBOK HE
TpedyeTcs.

Jl5i 3a3eMIIeHHs YCTAaHOBOK, KOTOPBIE MUTAIOTCS OT OJHOM CETH, Iielie-
COo00pa3HO MPOEKTHPOBaTh o0lIee 3a3emisitolee ycTpoiicTBo. Eciau umeercs
HECKOJIBKO 3a3€MJISIFOIIUX YCTPOWCTB, OHU JOJIKHBI OBITH AJIEKTPUUECKH CO-
eIMHEHBI MEX]TY COOOM.

g ocymiectBieHus 3()(PEKTUBHON 3aIIUThl BEJIMYMHA COMPOTUBICHUS
3alUTHOTO 3a3eMJICHHS HE JOJDKHA MPEBBIIATh 3HAYCHUHN, TPU KOTOPHIX Ha-
NpsDKeHUE TTPUKOCHOBEHHUS MITM IIarOBOE HAMPSKEHHE JTOCTHTAIOT OMACHBIX
BeymyuH (Tad. 6.1).



Tabauma 6.1
MakcuMaabHO 10MyCTUMBbIE 3HAYEHH S CONPOTHBJIEHHS 3aAlIIMTHOTO 3a3eMJIeHUS B
3aBHCHMOCTH OT XapaKTEPHCTHK YJIeKTPHYECKHX ceTel

Aonyctumoe conpoTu-
B/JIeHMe 3a3eMAAoLLLero XapaKTepuUCTUKa 3/1IeKTPOYCTaHOBOK
ycTpoiictea R, Om

INeKTpoyCcTaHOBKKN HanpskeHnem ao 1000 B (HelTpanb M30AMpoBaHa)

4 [na 31eKTPoyCcTaHOBOK MOLLHOCTbIO MCTOYHMKA Bonee
100 kKBA
10 [NnAa sneKTpoycTaHOBOK NPU MOLLHOCTU reHepaTopoB U
TpaHchopmaTtopos go 100 KBA
125/15, Ho He 6onee 10 (I, Ecnm 3asemnstollee ycTponcTBO ABASETCS 06LWMM Ans
pacyeTHbI TOK 3aMbl- 3N1EeKTPOYCTAHOBOK HanpaxeHnem o 1000 B m sbiwe 1000
KaHWs Ha 3emnto, A) B
DNEeKTPOYyCTaHOBKM HanpsaKeHnem Bbiwe 1000 B
250/15, Ho He 6onee 10 Ecnun 3a3emnsiolLee yCTPOMCTBO UCMO/b3YETCA B CETU C

N30/ IMPOBAHHON HENTPaNbIO

0,5 Ecnun 3a3emnsiolLee yCTPOMCTBO UCMO/b3YETCA B CETU C
3P PEeKTUBHO 3a3eM/IEHHON HENTPANbIO

lNepeyeHb annapamypbi

0O603HaueHune HaumeHoBaHue Tun
Gl TpexdasHblh UCTOYHUK NUTAHKUSA 201.2
Al BnoK nnHelHbIX Apoccenei 337
A2 TpexdasHbin TpaHchopmaTop 302
A9 Mogaenb nsmepeHusa 3asemneHuns 312
P1 BNOK MynbTUMETPOB 508.2

Ykazanua no mexnuke 6ezonacnocmu npu eslnojinenuu Jlaﬁopamopuoﬁ

pabomul npedcmasnenst 6 Ipunoxncenuu 1.
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Ilopsaooxk npoeedenusn padbomawt

¢ HeoOxogumo  yOeauThCsi, 4YTO  YCTPOWCTBA,  HCIOJb3yEeMble B
AKCIEPUMEHTE, OTKJIIOYEHBI OT CETH 3JIEKTPONUTAHHUS.

o ['He3ma 3alMTHOrO 3a3eMIICHUSA &> YCTPOMCTB, UCIOJb3YEMBIX B
JKCIIEpUMEHTE, COSANHSIOTCS ¢ THe30M «PE» ncrtounnka G1.

* Anmaparypa COEqUHSAETCS B COOTBETCTBHUM C DJIEKTPUUECKON CXEMOM.

o [lepexirouareneM yCTaHOBIMBAETCA KENAEMOE yJIEIBbHOE CONIPOTHUBIICHHUE
rpyHTa p B Mozaenu A9.

o Bxmouaercs ucrounuk G1 u nutanue 610ka MyIbTuMeTpoB P1.

¢ C nomoIIpl0 aMIepMeTpa U BOJIBTMETpa 0JI0Ka MyJabTUMETpoB P1 u3me-
PSAETCS TOK CTEKAIOLIUI B 3€MJII0 YEPE3 3a3€MJINTEIb U HANPSIKEHUE MEXK-
Iy HUM U MOTEHUUAJIBHBIM JIEKTPOJOM Ha Pa3jIMYHOM YJAJEHUHU OT 3a-
3eMJINTEIS.

¢ l3MepeHHBIE 3HAUYEHUSA TOKOB M HANPSLKEHWM HCIOIB3YIOTCA JUISL OIpe-
JIEJICHNS] IPABUIIBHOTO PACIIOIOKEHUS MTOTEHIUAIBHOTO 3JIEKTPOAA OTHO-
CUTENIBHO 3a3€MJIMTEIS U MOCIEAYIOIIET0 pacyeTa COMPOTUBIICHUS 3a3€M-
JICHUS.

o [lo 3aBepmienuu sxcnepuMentTa UcTouHUK Gl u muTanue OJI0Ka MyJIbTH-
MeTpoB Pl oTkirouaercs.

Tpebosanusa k omuémy no 1adbopamopHoil padbome

[Ippu mpoBemeHMHM DOKCIEPUMEHTa C TIOMOIIBIO aMIepMeTpa M
BOJIbTMETpa OJIOKa MyJIBTUMETpOB Pl mpu m3MepeHWH TOKa CTEKAIOIIEro B
3eMJTIO Ye- Pe3 3a3eMJIMTENIb U HAMPSHKEHUS MEXKIy HUM U MOTCHITMATBHBIM
JIEKTPOJOM Ha Pa3IUYHOM VYAAJICHUU OT 3a3eMIIUTENsS, pPe3yibTaThl
OTpa3uTh B (popme TaOIUIIBI.

Heobxomumo  cnenmath  BBIBOA O  AG(EKTUBHOCTH  3aIIUTHOTO

3a3eMJICHUSI.

Jlabopamopnasa paooma Ne7



Mooenuposanue oelicmeus 3auiumHoO20 3a3eM1eHUSA
(camozazemnenus) In1eKmpoooopyoosanus

Lenb paboOThI: MOACTUPOBAHNE W HUCCIECIOBAHHE ACHCTBHS 3alUTHOTO
3a3eMJICHUSI M CaM03a3eMJICHHSI JIEKTPOOOOPYIOBAHHUSL.
OcHogvl meopuu:

Bce cnydan nopakeHust 4enoBeKa TOKOM B PE3YJIbTaTe 3JIEKTPUUECKOTO
yaapa BO3MOJKHBI JIMIIb MPUA 3aMbIKAHUM JJIEKTPUYECKOW LENU YEPE3 TEJO
YeJIOBEKa WM, MHA4Ye T'OBOPsI, TP NPUKOCHOBEHUH YEJIIOBEKA HE MEHEE YEM K
JIBYM TOYKaM LENH, MEXKY KOTOPBIMU CYLIECTBYET HEKOTOPOE HANIPSIKEHUE.

OnacHOCTp TakOro NPUKOCHOBEHHMS, OLICHWBAEMas 3HAYCHUEM TOKA,
MPOXOJAIIErO YEPE3 TEJO YEJIOBEKA, UJIM K€ HAIPSHKEHUEM MPUKOCHOBEHMUS,
3aBUCHUT OT psa (PaKTOPOB: CXEMbl 3aMbIKAHUS €U TOKA YEpe3 TEJIO0 Yeso-
BEKa, HAINPSHKEHUE CETH, CXEMOM caMoil CeTH, peKuma ee HelTpaiu (T. €. 3a-
3eMJIEHa WM H30JMpPOBAaHA HEWUTpasb), CTEIECHW H30JISIIUA TOKOBEIYIIHUX
4acTer OT 3€MJIM, a TAK)KE OT 3HAYCHUM €MKOCTH TOKOBEIYIINX YaCTEH OTHO-
CUTEJIBHO 3€MJIM U T. II.

CnenoBaTenbHO, yKa3aHHas OMACHOCTh HE SBJIACTCS OJIHO3HAYHOW: B
OJIHMX CITy4asx 3aMbIKaHHE IIEMH TOKa Yepe3 TeJI0 YeJoBeKa OyJIeT COMpOBO-
KJIAThCS MIPOXOKACHUEM YEPE3 HETO MAJIBIX TOKOB U OKAXKETCSA HE OIMACHBIM,
B JPYTUX — TOKA MOTYT JOCTUTaTh OOJBIINX 3HAYEHUH, CTIOCOOHBIX BBI3BAThH
CMEPTEIIbHOE MOPAKEHUE UEIIOBEKA.

OnHOW U3 OCHOBHBIX MPUYHMH HECUACTHBIX CIIYYaeB OT JJIEKTPUUECKOTO
TOKA SIBJISIETCS MOSIBJIEHUE HAIPSXKEHUS HA METAJUIMYECKUX KOHCTPYKTUBHBIX
4acTAX DJIEKTPOOOOPYIOBaHUS, KOTOPhIE HOPMAJIBHO HE HAXOJATCS IMOJ| Ha-
MPSDKEHUEM, — Ha KOPITyCaxX, KOXKyXaxX, OTpaXkKJICHUsIX U T. I1.. Hanpsiokenne Ha
ATUX YACTIX MOXKET IMOSBUTHCS KAK PE3YJIbTAT: MOBPEKACHUSA U3OJISILIUU TO-
KOBEAYIIHUX YacTel 3JEKTpOooOOpyaOBaHUs (BCICICTBUE MEXaHUUECKUX BO3-
JNEWCTBUH, SJICKTPUIECKOTO MPO0O0s, €CTECTBEHHOTO CTApeHUS U T. I1.); Haje-
HUSA IIPOBOJIA, HAXOJALLIETOCS 10l HANPSHKEHUEM, HA KOHCTPYKTUBHBIE YacTH
AJIEKTPOOOOPYIOBaHMS; 3aMbIKaHUsl a3kl ceTH Ha 3eMirro. OmacHOCTh mopa-
JKEHUSI TOKOM B JTHX CIIy4asX YCTPaHSETCS C MOMOILIBIO 3ALUTHOIO 3a3€M-
JICHUS, 3aHYJICHMS, 3aIMMTHOTO OTKJIFOUYEHHUS, BBIPABHUBAHUA IMOTEHIIMAJIA,
JIBOMHOW M30JISIIIMEH, a TakKe Oyiarogaps MPUMEHEHUIO MaJIbIX HAIPSKEHUM

U CICIUATbHBIX 3aIIUTHBIX CPEACTB — MEPEHOCHBIX MPUOOPOB U MPHUCIIOCO0-
JICHUH.

3alUTHBIM 3a3eMJIEHHMEM Ha3bIBAaCTCS MPEIHAMEPEHHOE DIICKTpUYe-
CKO€ COCJIMHEHHE C 3eMJICM MJIM €€ AKBHMBAJICHTOM METAJUIMYECKHUX HETOKO-
BEAYIIMX YaCTE€H, KOTOPbIE MOTYT OKa3aThCA MOJ HAIPSKEHUEM BCIICICTBUE



3aMBIKaHHUS Ha KOPIYC W MO IPYTUM NMpUYHHAM (MHIYKTUBHOE BIIMSHUE, BbI-
HOC TIOTEHIIMAaja u T. I1.).

[TpuHIIMTT TEWCTBHS 3aIIUTHOTO 3a3€MJICHHSI — CHIDKEHUE HANPSKCHUS
MEXTy KOPITyCOM, OKa3aBIIUMCS II0J] HaNpsDKCHHEM, M 3eMJiel 10 Oe3omac-
HOTO 3HauYeHus. JlaHHOE HaNpsHKEHUE HA3BIBACTCS HAIPSHKEHUEM MPUKOCHO-
BeHuss U[IpP. DOTo jJocTuraercs NyTeM YMEHBIICHHUS IIOTEHIIMAJIa

3a3CMJICHHOTI'O 060py,Z[OBaHI/IH, a TAKXKC ITYTCM BbIPpABHUBAHUA ITOTCHIINAJIOB
OCHOBAHHUs, HA KOTOPOM CTOHT YCIOBCK, U 3a3CMJICHHOI'O 060py,ZIOBaHI/IH, 3a
CUCT IIOABJICHUA IMOTCHUOHWAJIOB Ha ITOBEPXHOCTHU 3C€MJIN ITPU CTCKAaHHWH TOKA B
3CMIJIIO. I[aHHBIe MOTCHOUAJIBI BO3HUKAIOT H3-3a CPABHUTCIBLHO OO0JIBIIIOrO

YAEIBHOTO  CONpPO- THUBJIEHUS TPYHTA (1><103—1><104 OmM M) wu
YMEHBIIIAIOTCA TI0 Mepe YJaJeHHs OT MecTa CTeKaHus Toka B 3emito. B
HEMOCPEJACTBEHHOM OJIM30CTH OT MECTa CTEKaHMsI TOKa B 3€MJIIO MOTEHIIUAII
OCHOBAHUS, HA KOTOPOM CTOUT YEJIOBEK,

MPAKTUYECKU PABEH MOTEHIMATY 3a3€MJICHHOTO oOopymaoBanuda. [lpu sTom
Pa3HOCTh MOTEHUUAJIOB, OMPEACIAIONIAs HAMPSIYKEHUE NPUKOCHOBEHUS, MHU-
HuManbHA. [lo Mepe ynaneHuns JaHHOTO OCHOBAHHUS OT MECTa CTEKaHUsl TOKa
B 3€MJII0 YKa3aHHasi pa3HOCTh MOTEHIIMAJIOB BO3PACTAET, TO €CTh dP(HEKT BhI-
paBHMBaHUS MOTEHIMANIOB ociabeBaeT. [lpu ynaneHun demoBeka OT MecTa
CTeKaHUs ToKa B 3eMiIto Ha 20 METpoB U OoJiee HaNpPsKEHUE MPUKOCHOBEHUS
MPAKTUYECKU PAaBHO MOTEHIIUAY KOPIyca AJEKTPOYCTAHOBKU OKa3aBIIEHCS
Mo HANPsKEHUEM.

Ecnu xopmyc 25eKTpooOOpy/IOBaHUSI HE 3a3€MJIEH, U OH OKazaJlics B
KOHTaKTe C (pa3oi, TO MPUKOCHOBEHUE UEJIOBEKA K TAaKOMY KOPIYCY paBHO-
CUJILHO TIPUKOCHOBEHHUIO K (hase. B 3TOM ciydae BeJMYMHA TOKAa B KOM-
MJIEKCHOUM (hopme, TPOXOASIIETo yepe3 TeJI0 YeIOoBeKa, MPUKOCHYBIIETOCs K
dazHOMYy TIpoBOAY TpeX(ha3HOM ISKTPUUIECKON CETH C M30JIMPOBAHHON HEH-
Tpasibio (pHc. 26), onpenensieTcsi COOTHOIICHHEM:

TLI = [_J(l)/(RLI + R06 + RH + ZH / 3), (41)
rie ly, U(b, Zy — KOMIUIEKCHI TOKa, A, (a3HOTO HAMpsDKeHUs, B M compoTuB-
JICHUS 30U ogHOo# (a3bl, OM; Ry — compoTuBiacHUE Tena yenoBeka, Om;
Ro6 — conpoTtuBnenue o0yBu yenoseka, OM; Ry — conpoTtusnenue mnona (oc-
HOBaHUs ), OM.

[Ipu MasnioM conmpoTHBICHUU OOYBH, T0JIa U U30JISIITUU TTPOBOJOB OTHO-
CUTEJILHO 3€MJIH 3TOT TOK MOKET JOCTUTaTh OMACHBIX 3HAUCHUH.

Jis Tpexda3Hol SIEKTPUYECKON CETH C TIIyXO 3a3eMJICHHOW HEWTpa-
JIBI0 TIPOBOJUMOCTH M30JIAIMH (Da3HBIX TPOBOJOB OTHOCHTEIILHO 3€MJIH TIpe-
HEOPEKUMO Majia 10 CPAaBHEHUIO C MPOBOJUMOCTBIO 3a3€MJICHUS HEUTpasu,
MOATOMY BEJIMYMHA TOKA Y€pe3 TEJO YEJIOBEKA MPAKTUYECKU HE 3aBUCUT OT
COMPOTHUBIICHUSI U30JISALINU U paBHA



Iy =Us IRy + R+ R, +Ry),

52208 Tp 6105 .

Puc.7.1 — IIpuxocHoBeHue yenoBeka K (pa3HOMY MPOBOY TpeX(a3zHo IneKTpuye-
CKOM CETH C U30JIMPOBAHHON HEUTPAJIbIO

Hanbonee neOnaronpusaTHbld ciaydaid OyAeT, KOrja 4eJOBEK MPUKOC-
HYBIIMICS K (a3ze UMeeT Ha HOraX TOKOMPOBOJSIIYI0 OOYBb — CBHIPYIO HIIU
MOJIOUTYI0 METAJUTMYECKUMH TBO3/IIMA U CTOUT HEMOCPEJICTBEHHO Ha ChIPO
3eMJIe WJIM Ha MPOBOJSIINEM OCHOBAaHUU — HAa METATMYECKOM IOy, Ha 3a-
3eMJICHHON METaJUIMYEeCKOW KOHCTPYKIIMM, T. €. KOTJIa MOXKHO TPUHATH
Ro6=0 m Rp=0. ComporuBnenue 3a3zemicHus HeWTpaim R(Q 0ObIYHO BO

MHOI'O pa3 MCHBIIC COIIPOTHUBIICHHA TCJIa YCJIIOBCKA (KaK IIpaBUIIo, RO HC

npeBbimaer 10 Om) u UM MOkHO mnpeHeOpeub. [lpu >THX ycCHOBHSX
BEJIMYMHA TOKa Yepe3 TeJNo YeJNOBeKa JIOCTUraeT OMNAaCHOM BEIMYHHBI.
Hanpumep, mpu Ry=1000 Om (BmonHe BeposiTHas BenuunHa) U R3=4 Om
14=220/(1000+4)~0,22 A.

3a3eMIIIOIIMM YCTPONCTBOM HAa3bIBA€TCSI COBOKYITHOCTb 3a3€MJIMTENS —
METAJIMYECKUX MPOBOJHUKOB, HAXOISALIMXCS B HEMOCPEICTBEHHOM COIPH-
KOCHOBEHMM C 3eMJiell, M 3a3eMJISIONIMX MPOBOJHUKOB, COEAMHSIOMIUX 3a-
3eMJISIFOLIME YaCTH C 3a3EMIIUTEIIEM.

3azemsnten OBIBAIOT HMCKYCCTBEHHbBIE, IPEIHA3HAUEHHBIC HCKIIOYH-
TENBHO ISl LIeJIe 3a3eMIICHUSI M €CTECTBEHHBIC, HAXOMSIINECS B 3eMJIE Me-
TAJUTHIECKUE TIPEIMETH MHOTO Ha3HAYCHUSI.

JI7isT MCKYCCTBEHHBIX 3a3eMIIUTENICH NMPUMEHSIOTCS OOBIYHO BEpPTUKAIb-
HBIC ¥ TOPU30HTAJIBHBIC AJICKTPOABI, T.€. OJUHOYHBIC 3a3EMITUTEIH.

__6-10xB Tp 380/220B, (Uy=220 B, U;=380 B)
— Y YT\




Puc. 7.2— IIpukocHOBeHuE YenoBeKa K (pa3HOMY MPOBOY TpeX(a3zHOU AneKTpuye-
CKOH CETH C TIIyXO0 3a3€MJICHHOM HEUTPAJIBIO

B xauecTBe BEpTUKAIBHBIX AJIEKTPOJAOB UCIOIB3YIOTCS CTAIbHBIE TPYObI
auamMeTpoM 3-5 ¢cM u yrioBas ctainb pasmepoM oT 40x40 mo 60%60 mm
JUTMHHOU 2,53 M, a TakKe cTajibHbIe IPYTKH auamerpoMm 10-12 MM u nmH-
HOM J10 IECSITH METPOB.

JIJis coemMHEeHMs] BEPTUKAIBHBIX JIEKTPOJIOB MEXKIYy COOOM U B KayecT-
BE€ CAMOCTOSITEIIbHOIO TOPU30HTAIIBHOTO 3JIEKTPOJA MPUMEHSETCS MMOJI0COBAas
CTaJb CEYCHUEM HE MeHee 4X12 MM WM CTalb KPYIJOro CEYEHUs IHaMET-
pOM He MeHee 6 MMm.

JI71s1 Orpy»KEHUs B 36MJII0 BEPTUKAJIBHBIX AJIEKTPOIOB MPEIBAPUTEIHLHO
potoT Tpanmieto riyomron 0,7-0,8 M, mocie dero ux 3a0MBAlOT U BEPXHHE
KOHIIBI COEJIMHSIOT CTalbHOM MOJIOCOM C TMOMOIIBK CBapku. B Takux ke
TpaHIIESX MPOKIAABIBAIOT U TOPU3OHTAIBHBIC AJEKTPOABL. TpaHIICIO 3achl-
MaT 3eMJIeH, OUYMIIEHHOW OT CTPOUTEIHLHOTO MYyCOpa, a 3aTeM TIIATeIbHO
yTpaMOOBBIBAIOT, UTO 0OECIIEYMBAET JYUIIYIO0 MPOBOJUMOCTh IPYHTa, a Clie-
JIOBATEILHO, YMEHBIIIAET PACXO0 METaJlJIa Ha YCTPONUCTBO 3a3eMJICHUSI.

B 3aBUCMMOCTH OT MecTa pa3MELICHUS 3a3€MIIUTENSI OTHOCUTEIBHO 3a-
3eMJISIOIIETO O0OPYAOBaHUS PA3IMUAIOT J[BA TUIIA 3a3€MJISIONINX YCTPOUCTB
(3Y) — BeiHOCHOE 3Y 1 KOoHTYpHOE 3Y. YV BBIHOCHOTO 3V 3a3eMJIUTEIb BHIHE-
CEH 3a MpeJeNbl MJIOMAIKH, Ha KOTOPOM pa3MeIleHo 3a3emiisieMoe 000py/1o-
BaHWE. JTO MPUBOJIUT K TOMY, UYTO MPAKTHYECKHU HE MPOMCXOJUT BBIPABHU-
BaHME MOTEHIIMAala OCHOBAHHUSI, HA KOTOPOM CTOUT YEJIOBEK, U 3a3€MJIEHHOTO
obopynoBanus. OPpGeKTUBHOCTh NpUMEHEHUs Takoro 3Y o00ycloBieHa
TOJIKO CHUXEHHUEM IOTEHIMana 3a3eMJICHHOTO obopymoBanus. IIpu stom
OKa3bIBAETCS HECYIIECTBEHHBIM YHCJIO W CXEMa PAaCIOJOXKEHUS 3a3eMIISIO-
IIUX AJIEKTPOJIOB, puc. 28.

[Tpu 3ambikanuu (a3bl Ha KOPIYC U CTEKaHUU ToKa |3 uepes 3azemuin-
Tenb @3(X) ZoCcTUraeT MakCUMyMa B TOUKE MOBEPXHOCTH HaJ| 3a3€MJIIUTEIIEM

U mnpakthuecku 3aryxaer yepe3 20 merpos. Ilpu 3TOM Ha pyKy dyenoBeka,
MPUKOCHYBIIIETOCS K KOPIYCY 3JEKTPOOOOPYA0BaHUA, ACHUCTBYET MOTEHIMA
3a3eMJIMTENS O3, @ HOTM HAXOAATCS MO MOTEHIHMAIOM, OJU3KUM K HYJIIO.



Hanpsikenue npuxocHoBeHusi UTIP, paBHOE Pa3HOCTH MOTEHIMAJIOB PYKU
Y HOT, B JAHHOM CJIy4ae MPaKTUYECKH PaBHO (3.

1 ®

— @

Puc. 7.3 — BeiHOCHOI (COCpeI0TOUEHHBIH ) 3a3eMIIUTETh

Kontypnueie 3V xapakTepusyroTcs MO BO3MOXHOCTH PaBHOMEPHBIM
pa3MEelIEHUEM 3a3eMIIIOIINX AJIEKTPOJOB IO IUIOHIAIKE, HA KOTOPOH ycTa-
HOBJIEHO 23JIeKTpooOopyaoBanue. Takoe 3V HazbIBaeTcs pacrpeeiCHHBIM.
CHIKeHUEe HaIpsHDKeHUs MPUKOCHOBEHHUS B ATOM Cilyyae OOYCJIOBJIEHO HeE
TOJIBKO TepepachpeiesieHeM MaJIeHUs] HaNpsHKeHUsT UCTOYHKKA, HO U BBI-
PaBHMBAHMEM NOTEHIMAJIOB 3a3€MJICHHOIO KOpITyCa 3JIEKTPOYCTAHOBKH H
OCHOBaHHs, Ha KOTOPOM CTOMT Y€JIOBEK, KaKk 3TO MokazaHo Ha puc. 29. Ilpu
ATOM pacHpeiesieHHs] MOTEHIUAIOB OTIEIbHBIX 3a3€MIIUTENIECH CKJIabIBAIOT-
csl, TOJIydaeTcsi CymMMapHoe pachpeneiienre noteHnuana ¢3Y(X). Takum
00- pa3oM, MOTEHIIMANIBI B TOYKAX paboueil IJIOMIAJIKU MO CBOEH BEJIMYUHE
npu- OJIMKAIOTCS K TMOTEHIMalTy 3a3eMJIEHHOTO Kopiyca oOOpyAOBaHMS,
MOATOMY HAaIpsKEHUE NMPUKOCHOBeHHUS UJ7P 3HAYMTENbHO YMEHBINAECTCS U

COCTaBIISIET JI0JIU 3.

B kadecTBe €CTECTBEHHBIX 3a3€MJIMTEIEN MOTYT HCHOJIB30BATHCS: MPO-
JIO’KEHHBIE B 3€MJIE BOJONPOBOIHBIE U JPYTHE METAUIMYECKUE TPYOOIpoOBO-
Il (32 MCKIIFOUEHUEM TPYOOIIPOBOJOB TOPIOUMX JKHMJKOCTEH, TOPIOUUX WU
B3pPBIBOOMACHBIX Ta30B); OOcCaaHble TPyObl apTE3MAHCKUX KOJIOALIEB, CKBa-
XKUH, IyphoB U T.I.; METAJUIMYECKHE KOHCTPYKIMHM U apMmarypa xeye3o0e-
TOHHBIX KOHCTPYKLMH 34aHUN U COOPYKEHHMM, UMEIOIIUE COCAUHEHNE C 3EM-
Jeil; METAJUIMYECKHE MIITYHThl THAPOTEXHUUYECKUX COOPYKEHHUI; CBUHIIOBBHIE
000JIOUKY KaOee, MPOI0KEHHBIX B 3eMJIE.

0
/\/<_/‘p




Puc. 7.4 — Cnyyait KOHTYpHOTO (pactpeeIeHHOT0) 3a3eMIUTeNs

AJIOMUHHEBBIE 000JIOYKHU KalOeneld W aJlOMUHUEBBIE MPOBOJHUKU HE
JIOITYCKAETCS MCITOJIB30BaTh B KAUECTBE €CTECTBEHHBIX 3a3€MIIUTENICH.

B snekTpuyeckux pacnpeacuTeIbHbIX YCTPOMCTBAX BBICOKOTO Hampsi-
J)KEHUSI B KAaue€CTBE €CTECTBEHHOI'O 3a3€MIIMTENSI MCIIOJB3YETCA 3a3€MJICHUE
OTIOp OTXOJSIIMX BO3AYIIHBIX JUHUNA C TPO303alIUTHBIMM TPOCAMU IPHU yC-
JIOBHH, YTO TPOCHI HE U30JIMPOBAHBI OT OIOP.

EcrecTBeHHBIC 3a3eMiIMTEIN 00JIaJIalOT, KaK IMPABHIO, MaJIbIM COIPO-
TUBJICHUEM PACTEKAHUIO TOKA, MO3ITOMY HCIIOJIb30BAaHUE WX JJIsl IIejeil 3a-
3eMJICHUSI 9KOHOMUYECKH BEChMa 11€J1eCO00pa3HO.

3azemisitoniie MPOBOAHUKH, T. €. MPOBOJHUKH, COCAUHSIONIME 3a3€M-
JsieMoe 00OpyJIOBaHHME C 3a3€MJIUTENIEM BBITIOJHSIOTCS OOBIYHO W3 TOJIOCO-
BoM ctanu. [Ipokiaaka ux Mpou3BOAUTCS MO CTEHAM U APYTUM KOHCTPYKIIHU-
aM 31aHui. B KkauecTBe 3a3eMIISIONIMX MPOBOJHHUKOB JOMYCKAETCS HMCIOJIb-
30BaTh PA3JIMYHbIC METAIINYECKUE KOHCTPYKIIUH.

[TprcoenuHeHNEe 3a3eMIISIEMOT0 OOOPYAOBaHUS K MarvCTpajIsiM 3a3emile-
HUS, T. €. K OCHOBHOMY 3a3€MJISIFOILIEMY TPOBOJIHUKY, MAYIIEMY OT 3a3€MIIUTEIIS,
OCYIIIECTBJISIETCS] C MOMOIIBIO OTACIIBHBIX MPOBOAHUKOB. [Ipu 3TOM mocienoBa-
TEJILHOE BKITFOUCHHE 3a3¢MIIIEMOT0 000PYIOBaHHMSI HE JIOITYCKACTCSI.

CoenvHeHMsT 3a3eMIIIONIUX TTPOBOJHUKOB MEXKIY COOOHM, a Takxke 3a-
3eMIIMTEIISIMUA U 3a3€MJISIEMBIMU KOHCTPYKIMSIMU BBITIOJHSIOTCS, KaK MpaBH-
JI0, CBapKOM, a ¢ KOpIycaMu amnmapaToB, MallluH U JPyroro o00pyaoBaHus —
CBapKOM MJIM C TIOMOII[LIO OOJITOB.

OTAMYUTENBPHON OKPAacKOW 3a3€MIIIOLIEH CETH SIBJIAETCS YEPHBIM IBET,
KOTOPBIM JIOJDKHBI OBITH OKpAIIEHBI BCE OTKPBITO PACIOJOKCHHBIC 3a3eM-
JISAIOIIME TPOBOAHUKH, KOHCTPYKLIUH U IOJIOCHI CETH 3a3€MJICHUS.

OO6nacTh MPUMEHEHHUs 3AIIUTHOTO 3a3eMJICHUS — Tpex(a3Hble CETU 0
1 kB ¢ u3onupoBaHHON HelTpanbio u Bhimie 1 kB. ¢ 100bIM peskuMoM pado-
ThI HEUTPaJIU.

TpeboBanust K yCTpOWCTBY 3alllUTHOTO 3a3€MJICHUS M 3aHYJICHUS OIpe-
neneHsl [IpaBusiamu ycTpoiicTBa ayekTpoyctaHoBok (ITY3), B cooTBeTCTBUM



C KOTOPBIMH 3aIIUTHOMY 3a3€MJICHUIO WM 3aHYJICHUIO MOAJIeKAT BCE METall-
JMYECKUE M JPYTHe TOKOIMPOBOISIIME YACTH IJIEKTPOYCTAaHOBOK U 00OpYIO-
BaHUs, KOTOPHIC CIyYaifHO B aBapUHHOM PEXKUME MOTYT OKa3aThCs TOJ Ha-
npspkenreM (CCBT I'OCT 12.1.030-81):

— Mpu HOMHHAJIBbHOM HampspbkeHnu 380 B u BbIlle mepeMeHHOTo TOKa,
440 B u BblIIIIe TOCTOSTHHOTO TOKA — BO BCEX AJIEKTPOYCTAaHOBKAX;

— Ipy HOMHHaAJIBLHOM HampsbkeHuu Boiie 42 B, Ho Hke 380 B mepe-
MeHHoro Toka ¥ Beiire 110 B, Ho Hmke 440 B 1ocTOSHHOrO TOKa — TOJIBKO B
MOMEIICHHSIX C TTOBBIIEHHOM OMAaCHOCTHIO, 0CO00 OMACHBIX MOMEIICHUSIX U B
HAPY>KHBIX JIEKTPOYCTAHOBKAX;

— BO B3PBIBOOMACHBIX MOMEIICHUSIX HEOOXOAUMO 3a3eMIISITh BCE 000pYy-
JIOBAaHUE HE3aBUCHUMO OT HAIIPSDKCHHUSI.

[Ipyn HOMUHATBHBIX HAMpPsDKEHUSX MeHee 42 B mepeMeHHOro ToKa WIIH
110 B mocTossHHOTO TOKa 3a3€MJICHUS WJIM 3aHYJICHHS SJIEKTPOYCTAaHOBOK HE
TpedyeTcs.

Jlst 3a3emileHHs] YCTaHOBOK, KOTOpPbIE MUTAIOTCS OT OJIHOM CeTH, Iielie-
cOo00pa3HO MPOEKTHPOBaTh O0ILIee 3a3emirsitoliee yecTpoilcTBo. Eciau umeercs
HECKOJIbKO 3a3eMJISIOIIUX YCTPOMCTB, OHH JIOJKHBI OBITh DJICKTPUYECKU CO-
CMHEHBI MEX]TY COOOH.

st ocymiectBienus: 3GHEKTUBHOM 3alIUTHl BEIMYUHA COMPOTUBIICHUS
3aIIATHOTO 3a3€MJICHUS HE JTOJDKHA TPEBBINIATh 3HAYCHHM, TIPH KOTOPHIX Ha-
NpsHKCHUE TTPUKOCHOBEHUS WIIM IIarOBOE HANPSDKCHHUE JOCTUTAOT OMACHBIX
BenuuH (Tadm. 14).



Tabauma 7.1
MakcuMaabHO 10MyCTUMBIE 3HAYEHHS CONPOTHBJIEHHS 3aAIIIMTHOTO 3a3eMJIeHUS B
3aBHCHMOCTH OT XapaKTEPHCTHK YJIeKTPHYECKHX ceTel

Aonyctumoe conpoTu-
B/JIeHMe 3a3eMAAoLLLero XapaKTepuUCTUKa 3/1IeKTPOYCTaHOBOK
ycTpoiictea R, Om

INeKTpoyCcTaHOBKKN HanpskeHnem ao 1000 B (HelTpanb M30AMpoBaHa)

4 [na 31eKTPoyCcTaHOBOK MOLLHOCTbIO MCTOYHMKA Bonee
100 kKBA
10 [nAa sneKTpoycTaHOBOK NPU MOLLLHOCTU reHepaTopoB U
TpaHchopmaTtopos go 100 KBA
125/15, Ho He 6onee 10 (I, Ecnm 3asemnstollee ycTponcTBO ABASETCS 06LWMM Ans
pacyeTHbI TOK 3aMbl- 3N1EeKTPOYCTAHOBOK HanpaxeHnem o 1000 B m sbiwe 1000
KaHWs Ha 3emnto, A) B
DNEeKTPOYyCTaHOBKM HanpsaKeHnem Bbiwe 1000 B
250/15, Ho He 6onee 10 Ecnun 3a3emnsiolLee yCTPOMCTBO UCMO/b3YETCA B CETU C

N30/ IMPOBAHHON HENTPaNbIO

0,5 Ecnun 3a3emnsiolLee yCTPOMCTBO UCMO/b3YETCA B CETU C
3P PEeKTUBHO 3a3eM/IEHHON HENTPANbIO

lNepeyeHb annapamypbi

0O603HaueHue HaumeHoBaHue Tun
G1 TpexdasHbli UCTOYHUK NUTAHUA 201.2

Al BnoK nnHelHbIX Apoccenei 337

A2 TpexdasHbin TpaHchopmaTop 302

A3 Mogaenb y4acTKa 3/1IeKTPUYECKON ceTh 303

A10 Mogenb 3alnTHOro 3a3emie- 378

HUA/camo3asemneHus

P1 BAok mynbTMmeTpoB 508.2

Ykazanua no mexnuKe 0e3onacnocmu npu 6blnoOJIHEeHUU

aadopamophoi pabomul npeocmasnenst 6 Illpunoscenuu 1.
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IHopsaook nposedenus padbomaol

HeoOxonumo  yOeauThCsi, YTO  YCTPOMCTBA, HCHOJb3yEMBIE B
HKCIIEPUMEH- TE, OTKJIFOYEHBI OT CETH JIEKTPOIUTAHUS.

['He31a 3alMTHOTO 3a3eMIJICHUSA "D YCTPOMCTB, UCHOJIb3YEMBIX B
JKCIIE- pUMEHTe, coequHstores ¢ THe3noM "PE" ncrounuka G1.
AnrmapaTtypa COeIUHSAETCA B COOTBETCTBUU C IIEKTPUUECKON CXEMOM.
Bxrouaercs uctounuk G1 u nuranue 610ka MynbTUMETPOB P1.

Pexxum riyxo3azemiieHHOM (M30JMPOBAaHHOM) HEUTpaid MHTaIoIen
AJIEK- TPUYECKOW CETH MOJACIUPYETCS YCTAHOBKON (OTCYTCTBUEM)
MEPEMBIYKA MEXIY THE3I0M HEHUTpalbHON TOYKM TpaHchopMaropa u
THE370M CONpo- THUBJIEHUA 3a3emuurenss RQ B Oioke TpexdazHoro
TpaHchopmaropa A2.

3ambikanue Qa3zpl Ha KOPIYC DJIEKTPOOOOPYAOBAHUS MOJACIUPYETCS
yCTa- HOBKOW MEpEeMbIYKU Mex 1y rHe3namu 3 u 4 moaenu Al0.

ToK KOpPOTKOTO 3aMbIKaHUS HM3MEPSETCS C IMOMOUIBI0 aMIIEPMETPOB
6moka MynbTUMeTpoB P1, BKITIOYEHHBIX MEXAy THe3mAamu 5, 6 u 7, 8
moxenn AlO.

Hampsoxkenuss Ha Kopmycax dJIeKTpoOOOpYAOBaHHMS W JKCKaBaTopa
U3Me- PAIOTCS C TMOMOIIBIO BOJIBTMETPA, BKIIOUEHHOTO €ro MEXIy
rae3gamu 1, Eu 2, E monenn A10.

I'pyHT, B KOTOPOM TMPOJIOKEH 3a3€MJIUTEIb, XapaKTePHU3yETCs
YAEIbHBIM 3JIEKTPUYECKUM CONPOTUBJIEHUEM P1, a TPYHT, HA KOTOPOM
CTOMUT 3KCKa- BaTOpP, — YJEIbHBIM JIEKTPUUECKUM COITPOTUBIICHUEM P2.
[To 3aBepmieHnn skcnepuMmeHTa uCTOYHMK Gl u mnwuranme O6r0ka
MyJIbTH- MeTpoB P1 oTkmrouaercs.



Jlabopamopnasn paooma Ne8
Mooenuposanue 3auiumno20 OMKIIOYEHUS INEKMPUUECKOU
cemu

[{eab paOoThI: 3aIIMTHOE OTKIIIOUEHHUE JIEKTPUUECKOW CETH C pa3iind
HBIM PEKUMOM HEUTpasu.
OcHoevl meopuu:

3amuTHOE OTKIIIOYEHUE — OBICTPOACHCTBYIONIAs 3allluTa, OOecreyu-
BAIOIIasi ~ aBTOMATUMYECKOE  OTKIIFOYECHHE  DJIIEKTPOYCTAHOBKU  IIpHU
BO3HUKHOBE- HUM B HEW OIACHOCTHU ITIOPAKEHUS TOKOM.
Takas omacHOCTh MOKET BO3HUKHYTh IpPU 3aMbIKaHUHM (a3bl Ha
KOpIyC 3JIEKTPOOOOPYAOBaHMS; IPU CHIXKEHHH CONPOTHUBIICHUS H30JIALIMH
(a3 OTHO- CUTENBHO 3€MJIM HWXKE ONPENEJICHHOTO Mpe/ena; MOSBICHUN B
ceTu 0OoJsiee BBICOKOTO HANpSIKEHUS; NPUKOCHOBEHUM 4YEJIOBEKa K
TOKOBEAYILIEH YacTH, HAXOMAUIEHCA IOJ HaIpsDKEHHWEM. B 3Tux ciydasx
B CETM MNPOUCXOJUT M3~ MEHEHHE HEKOTOPBIX  OJJIEKTPUUECKUX
MapaMeTPOB: HAMPUMEP, MOTYT HW3ME- HUTHCS HaINpsHKEHUE KOpIyca
OTHOCUTEIBHO 3€MJIM, HampsokeHue (a3 OTHO- CHUTEIbHO  3€MIIH,
HaIpsDKCHWE HYJIEBOM TMocienoBaTtelbHOCTH W np. JlroOol u3 3THX
apaMeTpoB, a TOYHEE TIOBOPSA — M3MEHEHUE €ro J0 OIPEACIICHHOIO
npeaena, Opu KOTOPOM BO3HHUKAET ONACHOCTh IOPAXKEHUSA YEJIOBEKa
TOKOM, MOXET CJIYXXUTh UMITYJIbCOM, BBI3BIBAIOIIUM CpabaThIBaHUE
3alIMTHO-  OTKJIFOYAIOLIErocsli  yCTPOMCTBA, T. €. aBTOMAaTHUYECKOE
OTKJIFOUEHME OIACHOTO Y4acTKa CETH.
[Ipubop 3aUMTHOTO OTKIIOYEHUS — COBOKYHNHOCTh OTAEJIbHBIX
AJIEMEH- TOB, KOTOPbIE pearupyroT Ha U3MEHEHHE KaKoro-audo mnapamerpa
ANEKTPU- YECKOW CETH M JAIOT CHUTHAJ HAa OTKIIOYEHUE aBTOMAaTHYECKOTO
BBIKJIFOYATE- Jisl. DTUMHU BJIIEMEHTAMH SIBJISIFOTCS:
¢ JlaTyuK — YyCTPOMCTBO, BOCIPHUHUMAIOIIECE H3MEHECHHUE IMapamerpa Hu
npe- oOpasyloliee €ro B COOTBETCTBYIOIIMN CHUTHald (0OBIYHO
JaTYMKAMU CIIy- JKaT peJie COOTBETCTBYIOIIETO TUIIA);

e VYcwinrenb, NPEAHA3HAYCHHBIN U1 YCWICHUs CUTHAJIA JATYUKA, €CIIU
OH OKa3bIBa€TCs HEIOCTATOYHO MOIIIHBIM;

o [lemn KOHTpOJIA, CHyXamue Uil  NEPUOAUYECKOM  MPOBEPKH
MCIIPABHOCTH CXEMBI 3aIlIMTHO-OTKIIFOYAIOIIETO YCTPONCTBA;

* BcnoMoraTenbHbIE 3JIEMEHTBl — CUTHAJIbHBIC JIAMIIbI,

HN3MCPHUTCIILHEBIC HpI/I60pBI, XapaKTCPU3yrOIue COCTOAHUC YCTAHOBKH, U
T. II.



ABTOMAaTUYECKHI BBIKJIIOYATENb — YCTPOWCTBO, CIy’Kamiee Jyis
BKJIFO- YEHHSI W OTKIIIOUEHHS LENeil, HaXOIAIIMXCS I0J Harpy3Kou, mpu
KOPOTKHX 3aMblKaHusAX. OH JOJDKEH OTKIII0YaTh LEMb aBTOMAaTUYECKU
IPU TOCTYIUJIE- HUM CUTHAJIA OT MPUOOpa 3alIUTHOTO OTKIFOYECHHS.

YCTpOMCTBO 3aIUTHOIO OTKIIIOYEHUS B 3aBUCHMOCTH OT IIApaMeTpa,
Ha KOTOPBIM OHO pearupyer, MOKHO OTHECTH K TOMY HWJIM MHOMY THIIy, B
TOM 4YHCIIe K TUIAM YCTPOMCTB, pearupyrolldx Ha HampsbDKEeHHE KopIyca
OTHOCH- TEJIbHO 3E€MJIM, TOK 3aMBbIKAHUS Ha 3eMJII0, HampsbKeHue (asbl
OTHOCUTEJILHO 3€MJIM, HalpsDKEHHE HYJIEBOM MOCIeA0BaTeIbHOCTH, TOK
HYJIEBOM TOCJIENI0- BaTEIIbHOCTH, ONIEPATUBHBIN TOK U AP.

Ha3HnayeHue 3allUTHOrO OTKIIIOUEHHUS 3aKIIIOYAeTCsl B TOM, YTOOBI
O- HUM HOpUOOPOM OCYHIECTBISATH COBOKYMHOCTHh 3aIlIMTBl JHOO
HEKOTOPbIE U3 CIECIYIONINX €€ BUJIOB:

* OT OJHO(A3HBIX 3aMBIKAHWW Ha 3€MJII0 WJIA Ha BJIEMEHTHI D3I,
000py10- BaHUs, HOPMAJIbHO U30JUPOBAHHBIE OT HAIIPSKEHUS;

* OT HE NOJHBIX 3aMBIKAHMM, KOIJAa CHW)KCHHE H30JSLUU OJHOM W3
(a3 co3aeT onacHOCTh NOPAKEHUS YETIOBEKa;

* OT NOpaXEHUs IpU MPUKOCHOBEHUHM YEJIOBEKa K OAHOW u3 (a3
311. 00OpyNOBaHUsA, €CIM NPUKOCHOBEHHE MPOU30ILIO B 30HE
JEHCTBUS 3allUThI TprOopa.

VY30 npuMeHsIOT B 31eKTpoycTaHOBKax 110 1 kB:

* B IMEPEIBWKHBIX JJI. YCTAHOBKAX C H30JMPOBAHHON HEUTPAJIBIO.
(oco- OeHHO eciaM  3aTPYAHEHO  CO3JaHHE  3a3eMJISIOIICTO
ycTpoicTBa. MoO- k€T NPUMEHSITHCS KaK B BUIE CAMOCTOSITEIILHOU
3aIUTHI, TAK U B CO- YETAHUU C 3a3€MJICHUEM);

* B  CTAallMOHAPHBIX  JJIEKTPOYCTAHOBKAX  C  HM30JUPOBAHHOU
HEUTpaJIbl0 JJIA 3allMThl PYYHBIX OJEKTPUUYECKUX MAIIUH B
KAueCTBE €AMHCTBEH- HOM 3aIMTHI, U B IOMOJIHEHHUE K JPYTHM;

* B YCJOBHUSX NOBBIIIEHHON OMACHOCTU MOPAKEHUSA DIEKTPUUYECKUM
TO- KOM W B3PBIBOONACHOCTH B CTAallMOHAPHBIX M NEPEIBHKHBIX
JIEKTPO- YCTAHOBKAX C PAa3JIMYHBIMU PEXXKMMaMU HEUTPAIIH;

* B CTalMOHApHBIX JJEKTPOYCTAHOBKAaX C  IIIyX03a3eMJIEHHOU
HEUTpa- JbI0 Ha  OTAENbHBIX  YIOQJICHHBIX  MOTPEOUTENAX
AIEKTPUYECKON PHEP- TMM U MOTpeOUuTesis OOJBIION HOMUHAIBLHOU
MOIIIHOCTH, Ha KOTOPBIX 3alluTa 3aHYyJEHHEM HE JOCTATOYHO

s dexTuBHa.
lNepeyeHb annapamypbi
0O603HayeHue HanmeHoBaHue Tun
G1 TpexdasHbll UCTOYHMK NUTAHUSA 201.2
Al Bnok nnHelHbIX aApoccenei 337
A2 TpexdasHbit TpaHchopmaTOop 302




A3 Mogaenb yyacTKa 3/1eKTPUYECKOMN ceTh 303
A4 Mopaenb yenoBeka 309
All YCTPOWMCTBO 3aLUTHOIO OTK/IHOUYEHUA 321
P1 Baok mynbTMmeTpoB 508.2

OcHoegubl meopuu:




DJieKTpuYecKasi cxeMa coeTuHeHUI

O YV -0 oLl
oYY \O oL2
oYY \-O olL3
oN
o PE
337 201.2 508.2
Al G1 P1
o © o— ~3-o ° °
o o o— / o o o
o >0 o— ~—10°
z o— |- o]
I
302 303 32 309
A2 A3 All A4




ok ow

10.

11.

12.

13.

lMopsidok npoeedeHusi pabomal

[lepen Hauamom pabOTHI HEOOXOAMMO YOETUTHCS, YTO YCTpPOMCTBa, HC-
MOJIb3YEMbIE B 3KCIIEPUMEHTE, OTKJIFOUEHBI OT CETU JJICKTPOIIUTAHMUS.

['He3/1a 3aIMTHOTO 3a3eMIIEHUS RON YCTPOMCTB, UCIIOJIB3YEMBIX B JKC-
MIEPUMEHTE, COeTUHAIOTCS ¢ THe310M «PEy» uctounuka G1.

Arnmnaparypa COeIHUHSIETCSA B COOTBETCTBUH C IJIEKTPUYECKON CXEMOM.
Bxumrouaetcst uctounuk G1 u nuranue 610ka MyasTUMETpoB Pl.

Pexxum  rayxo3azemiieHHOM  (M30JUPOBAHHOW) HEUTpalM MHTAroMen
ANEKTPUYECKOM CETH MOJEIUPYETCSl YCTaHOBKOW (OTCYTCTBHEM) IIepe-
MBIYKA MEXKJy THE3J0M HEUTpalbHOW TOYKM TpaHchopMaropa U THE3-
JIOM CONPOTHUBJICHUS 3a3emiuteniss RQ B Onoke TpexdaszHoro tpanchop-

Maropa A2.

[Ipy mpoBeAeHUM HSKCIIEPUMEHTA B CETHU C HM30JUPOBAHHON HEUTPaNbIO
conpotuBiiecauss RA, RB, RC m3omsamuu ¢da3 momgenun A3 oOs3aTenbHO
JOJKHBI UMETh 3HAYUMBbIE BEJTUYUHBI.

XKenaemple 3HaUCHMS] CONMPOTUBJICHUNA OOYBM 4EJIIOBEKAa M I0Ja, Ha KO-
TOPOM OH CTOUT, yCTAHABIIMBAIOTCS HA MOJENH YeoBeka A4.

Bpemennass u TokoBas ycTaBKa cpabaTbiBaHUs YCTPOWCTBA 3alUTHOTO
oTkitoueHuss All ycTaHaBIMBAaeTCs C MOMOIIBIKD KHOMOK «<» M «>» Ha
€ro JIMLEBOM MaHEH.

BxitoueHne ycTpoMcTBa 3alllUTHOTO OTKIOYeHHss All mpou3BoauTCS
HaxxatueM kHonku «BKJL.» Ha ero nuiieBo nanenu.

Ha BepxHemM wuHAOuMKaTOpe YyCTPOWCTBA 3alMTHOTO OTKIOYeHus All
MOXHO HaOJII01aTh TEKYIIlee 3HAUCHUE TOKA YTEUKHU Uyepe3 YeIOBeKa.

Ecnu mocne BKIIOYEHUST YCTPOMCTBO 3alIMTHOTO OTKIOUeHus All ot-
KJIFOUMJIOCh, TO Ha €r0 BEPXHEM HWHIUKATOPE BBICBETUTCS 3HAYEHUE TOKa
YTEUKH, PU KOTOPOM MPOMU30LLIO 3TO OTKIIOUeHHuE. [IponsBenenue 3toro
3HAUEHUS TOKAa YTEUYKH W BPEMEHU cpabarbiBaHWs (YCTaBKU IO BPEMEHH)
YCTPOMCTBAa  3alIMTHOTO  OTKJIKOYEHUS HCIOJIB3YETCS JJIs  OLICHKH
() PEKTHBHOCTH ITOCTICTHETO.

Hampsixkenue (aspl, KOTOpOil KacaeTcs YEIOBEK, HU3MEPSETCS C TMOMO-
b0 BOJIBTMETpa 0JI0Ka MyJIbTUMETPOB P1.

[lo 3aBepmieHnM sKkcriepuMeHTa UCTOYHMK Gl M nutanue OJ0Ka MyJib-
tuMeTpoB P1 oTkirouaercs.

TpeboeaHusi Kk om4yemy no 1abopamopHou pabome

[lo mm 7-8, anga pexuma TIyXxo3a3eMJIEHHON HEUTpalW MUTAIOIICH
ANEKTPUUECKON CETH, HEOOXOAMMO OTPA3UTh BETUYMHBI TOKA YTCUKH U

BpeMeHU cpabateiBanus Y30 MpU pa3IMyHBIX BEIUYHHAX COMPOTHBIIC-
HUS 00yBU R06y3H=1; 10; 300; 3000 kOm wm mona Rpona=1; 100; 900;

2500 kOwm (1o 3a7aHuI0 TPETIOAABATENS ).
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[To nm.m. 7-8, mis pexxuma C H30JMPOBAHHON HEHUTpaiablo, KOTJa COMpO-
TUBJICHUS W30JIAIHMA OyayT MMeTh 3HaunMble 3HaueHus RA=RB=RC=1; 2;

5; 10; 100; 500 kOm (10 3amaHWIO TpemojaBaTeis), TaKkKe HEOOXO0IUMO
OTpa3UTh BEJIWYMHBI TOKAa YTEUYKM M BpeMeHU cpabaTteiBanus Y30 mnpu
Pa3IMYHBIX BEJIIMYMHAX COMPOTHUBIICHHS OOYBHU Ro6yBH=1; 10; 300;

3000 kOm m moma Rpoma=1; 100; 900; 2500 xOm (mo 3amaHHIO

mpernojaBaTeisi), a TaKXKe ONPEACTUTh HampshkeHue ¢asbl, KOTOPOU
KacaeTcsl 4YeJIOBEK.

HCO6XOI[I/IMO CACJIaTh BBIBOABI I10 BCCM BBIITOJTHCHHBIM 3KCIICPUMCHTAM.
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5. Yueono-memoouueckoe u ungpopmayuonnoe obecneyenue OucyunIuHbl
5.1. Ilepeuenv ocrosnoit u 00NOJTHUMENLHOU TUMEPAMYPbL, HE0OX00UMOIL 01 0CBOCHUS
OUCHUUNTUHDL
5.1.1 Ilepeuens ocnosnoul iumepamypul:

1. BnexrpodesonacHocts / E.E. TlpuBanos, A.B. Edanos, C.C. Slcrpebos, B.A. Sporn ; nmox
pen. E.E. TlpuBanosa. — Mocksa ; bepnun : Jlupexkr-Menua, 2018. — 210 c. : wi., cxem., Ta0dm. —
Pexxum moctyna: mo mommucke. — URL: http://biblioclub.ru/index.php?page=book&id=493604 . —
bubauorp. B ku. — ISBN 978-5-4475-9698-9. — DOI 10.23681/493604. — TekcT : 3JIeKTPOHHBIH.

2. Tlpusasnos, E.E. OcHoBel 31ekrpode3onacuoctd : B 3 4. / E.E. IIpuBanos. — Mocksa ;
bepnun : Hupexr-Menua, 2016. — Y. 3. 3ammra oT HanpspKEHUs] NMPUKOCHOBEHHUS M 1Iara B
anekTpudeckux cersix. — 180 c¢. : wi., cxem., Tabm. — Pexum jgocTyma: mo MOANKCKE. —
URL.: http://biblioclub.ru/index.php?page=book&id=436756 — buGmuorp. B kH. — ISBN 978-5-4475-
7618-9. — DOI 10.23681/436756. — TeKcT : 2JIEKTPOHHBIH.

3. IMpusanos, E.E. OcHoBbl 3nekTpobe3onacuoctd : B 3 4. / E.E. [IpuBanos. — Mocksa ;
bepnun : lupexr-Menua, 2016. — Y. 2. 3a3emiieHre 3JIeKTPOYCTAHOBOK CUCTEM AJIEKTPOCHAOKEHHUSI.
- 156 ¢ : wm, cxem., Tabm. — Pexum  gocryma: 1O TMOANHUCKE.  —
URL.: http://biblioclub.ru/index.php?page=book&id=436755 . — buGmuorp. B ku. — ISBN 978-5-
4475-7617-2. — DOI 10.23681/436755. — TeKCT : 2JICKTPOHHBIH.

4 Cubukun 1O.J]. Oxpana Tpyaa u anekTpobe3onacHOCTh: YuebHoe mocobue — M:
Hupekr —Menua, 2014.- 360 c. [DOnexTpoHHBIH  pecypc] pexuM  JOCTyHa:
https://biblioclub.ru/index.php?page=book_view_red&book_id=235424

51.2. IlepeyeHb 10NOJTHUTEIBLHOM JIUTEPATYPbI:

1.Cubukun, 1O.JI. be3omacHocTh Tpyaa mpu MOHTaxe, OOCITYXMBaAaHHM W PEMOHTE
anekTpoodopynoBanus npeanpusituii / FO.Jl. Cubukun. — Mocksa ; bepnun : [Tupekr-Meaua, 2014.
— 338 c. : Wil., TalJI. — Pexum JIOCTYyTIa: o MOAMHCKE. —
URL.: http://biblioclub.ru/index.php?page=book&id=256581 . — bubauorp.: . c. 332. — ISBN 978-5-
4475-2508-8. — DOI 10.23681/256581. — TekcT : 31€KTPOHHBIH.

2. Dnekrpobe3onacHOCTh  paboTHHKOB  snekrpudeckux ceredi /  E.E. [IpuBanos,
A.B. Edanos, C.C. SctpeboB, B.A. fApomr ; mox pen. E.E. IlpuBanoBa. — Mocksa ; bepmun :
Hupext-Memna, 2018. — 371 c¢. : wn, T1abm. — PexuMm [gocTyma: MO TOANHCKE. —
URL.: http://biblioclub.ru/index.php?page=book&id=493605 . — bubGauorp. B ku. — ISBN 978-5-
4475-9697-2. — DOI 10.23681/493605. — TekcT : 371eKTPOHHBI.

3. Cubuxun, IO.JI. DnekrpoOe30macHOCTh TPU OIKCIUTyaTalldd  AJICKTPOYCTAHOBOK
npoMbinieHHbIX npeanpusatuii / FO.J]. Cubukun, M.FO. Cubukun. — 8-e u3z., ucnp. — Mocksa ;
bepnmun : Jupexkr-Menua, 2014. — 235 c. : tabn., un. — Pexxum pocrtyma: mo MOANHUCKE. —
URL: http://biblioclub.ru/index.php?page=book&id=253964. — bubauorp. B kH. — ISBN 978-5-
4458-8880-2. — DOI 10.23681/253964. — TekcT : 31eKTPOHHBIH.

5.3. [lepeuennb pecypcoB HHGPOPMALMOHHO-TEJIEKOMMYHUKANIMOHHOM ceTn «AHTEepHET»,
HEO0XOMMBIX /IJIsl OCBOCHHUS TN CIUININHBI

1. http://lwww.biblioclub.ru -OBC "Yuusepcuterckas 6ubnrorexka ormaiia"

2. http:/lmwww.iprbookshop.ru/ - DnekrponHo- oubnmoreunas cucrema [IPRbooks

3. http://e.lanbooks.com - DnexTponHO-OMOIMOTEYHAs crcTeMa JIaHb

3. http://docs.cntd.ru/ dneKTpoHHbIN GOHA NPaBOBON M HOPMATUBHO-TEXHUYECKOW [AOKYMEHTaLuu
TEXSKCIMEPT

4. MNpodeccnoHanbHble cnpasoYHble cuctembl Texakcnept http://vuz.kodeks.ru/
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Ilpunoswcenue 1
Ykazanue no mexnuxke 6ezonacnocmu:

Jlo Havasna paboThl CTYAEHTHl OO0s3aHbl M3YYUTh MpaBWiIa TEXHUKU
O6e3zonmacHOCTH TMpu paboTe ¢ dJeKTpoycTaHoBKamMu. OO0 H3yuyeHUM MPaBUI
TEXHUKHU 0€30MaCHOCTH U MOJYyYEHUU MHCTPYKTa)Ka CTYJACHTHI PACIIHUCHIBAIOTCS B
cnenuaibHoM KypHasie. CTyAeHTbl, HE M3yYMBIIME TMpaBUJa TEXHUKHU
0€30MacHOCTH U HE TPOMICIINE WHCTPYKTaX, K BBIMOJHEHHUIO JIA0OPATOPHBIX
paboT HE AOMYCKAIOTCS.

VYyebnas rpynna (WM TOATpYyIa) pa3OuBaeTcss Ha OpUrajbl, YUCIIO
KOTOPBIX YKa3bIBAETCSl TMpEMojaBaTesieM, a COCTaB OpHurajg KOMIUIEKTYETCsS
CTyJIEHTaMU Ha JOOPOBOJIbHBIX HauajgaxX. CUCOK Ipymnmbl (OATPYIIIIbI), pa30uTOi
Ha OpUrajbl, CTApOCTa MPEJOCTABIISIET MPENOAaBaTENI0, BEyIeMy JTa00paTOpHbIE
3aHATHUA.

Kaxxnas u3 Opuraja BBINOTHSET JIAOOPATOPHYIO pabOTy B COOTBETCTBUHU C
rpadukoM, HaXOASIIEMCS B JTa0OpaTOPHUH.

[lepen xaxabpIM 3aHSATHEM CTYIECHT 00s13aH MOATOTOBUTHCS K BBHIMOTHEHHUIO
nabopaTopHOl pabOTHI IO JAHHOMY METOJUYECKOMY MTOCOOUIO0 U PEKOMEHYyEeMOM
mutepatype. Ilepen Hawamom pabGoThl MpenojaBaTeNb MPOBEPSICT 3HAHUS
CTYJACHTOB IO COJECP>KAaHUIO BbINOJHSAEMOW paboThl. [110X0 MOArOTOBIECHHBIE
CTYZCHTHI K BBITIOJTTHEHHIO JIAOOPATOPHOU pabOTHI HE TOMYCKAIOTCA.

Paboras B 1abopaTopun, HEOOX0AUMO COOTIOIATH CIIEAYIONINE MpaBua;

K BeImosIHEHNIO TAaOOpAaTOPHOH pabOTHI CIIEAYET MPUCTYIMATh TOJBKO MOCIIE
MIOJTHOTO YSICHEHHSI €€ COJIep KaHUs U TIOMYUYeHHS IOMyCcKa K HEl.

2. Hauumnate paboTy cieayeT ¢ O3HaKOMJIEHHSI C mpuOopaMu W
o0opy0BaHUEM, TPUMEHSIEMBIMH B TAHHOU paboTe.

3. Ha naGopaTopHOM CTOJI¢ MOJDKHBI HaXOIWUTHCA TOJBKO TIPEIMETHI,

HEO0OXOUMBIE IS BHIIOTHEHUS TaHHOW PabOThI.
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4. PacnionoxkeHue anmaparypbl Ha paboyeM CTOJe JOJDKHO OBITh TaKHUM,
9TOOBI CXeMa COSAMHEHUN TOTydriach Han0oJIee MPOCTON, HATJISTHON U paboTa C
arrapartypou Obuia y100HOM.

5. KenarenpHo, 4TOOBI CXEMy COOMpas OJHUH U3 YWICHOB OpUrajabl, a Ipyrue
KOHTPOJIMPOBAIIH.

6. Ilpu cOOpke CIOXHBIX CXE€M CJeAyeT BHadajie COCJUHUThH TJIaBHYIO,
MOCIIEZI0BATEIbHYIO 1IENb, HAUMHASA COOPKY OT OJJHOTO 3a)KMMa MCTOYHUKA TOKA U
3aKaH4YMBas Ha APYroM, a 3aTe€M YK€ MOJKIIOYUTH MapajliebHbIC LIETIH.

7. Tlocne Toro, kak cxema OyneT coOpaHa, HEOOXOIUMO YOEAUTHCS B
MPAaBIJIBHON YCTAHOBKE JBMKKOB PEOCTATOB, aBTOTPAHC(HOPMATOPOB U PYKOSITOK
APYTUX PETYIUPYIOIINX YCTPOUCTB.

8. CoOpanHas cxemMa 00s3aTeqbHO JOJDKHA  OBITH  MpPOBEpPEHa
IPEoAaBaTesieM WM CTAPIIUM JIAOOPAHTOM M TOJBKO C UX Pa3pelIeHHs] MOXKET
OBITh BKJIIOYEHA 101 HAIIPSKEHUE.

9. Ilpm BKIIOYEHHH CXE€MBbl OCO0O€ BHUMaHHE CJleayeT oOpaTUTh Ha
MOKa3aHusl aMIIEPMETPOB U JAPYTUX U3MEPUTEIbHBIX TPUOOPOB. B ciryyae pe3koro
IBWOKCHHSI CTPEJIKM aMIepMerpa K KOHIy IIKajdbl CXeMy HE00XOANMO
HEMEJIEHHO OTKJIIOYUTH OT UCTOYHHKA HAMPSKCHUS.

10. Heobxoaumo OepekHO OTHOCHUTHCS K almaparype, HCIONIb3yeMOu B
pabote. O00 BceX 3aMEUYEHHBIX HEUCHPABHOCTSX WJIM TOBPEKIEHUSAX CTYIEHT
JIOJKEH HEMEJICHHO COOOIIUTH MPEToAaBaTeNi0 WK JTa0OPaHTYy.

11. Tlocne BeIMOMHEHUS PAOOTHI CTYACHT 00s3aH, HE pa3dupas CXeMbl
MoKa3aTh MOJYYCHHBIE NaHHBIC TpPEnoaaBarento. Eciam pes3ynbraTel M3MepeHHi
BEpHBbI, TO MpernojaBaTesib UX MOJNUCHIBAET. DKCIEPUMEHT C HEMpPaBHJIbHBIMU
pe3ynbTaTaMu CleAyeT TOBTOPHUTb.

12. Cxemy cremyeT pa3doupaTh TOJIBKO MOCIIE €€ OTKIIOYEHUS OT CETH.

13. Kateropuuecku 3amnpemaercs:

— Tporatb pykKamu OrOJICHHbIE MPOBOJAA U YACTU MPUOOPOB, HAXOMASIIUECS

IO HAIIPSAKCHUCM, J1aKE CCJIM OHO HCBCIIMKO,
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— TPOW3BOAWTH W3MECHEHHS B CXEME MPHU TOIKIIOYCHHOM HCTOYHHKE
MATAHUS;

— 3aMEHSTh WU OpaTh 00OpYJOBaHMUE, WJIM IPUOOPHI C JIPYyTHX pabodmXx
MecCT

— 0e3 paspelleHus mpenoaaBarTess uin Jad0paHTa;

— OTXOJUTH OT MPUOOPOB M MAITUH, HAXOSAIIMXCS O] HAPSHKEHUEM HITH
OCTaBJISITH CXEMY T0]T HAIIPSDKEHUEM TTPH 00paboOTKe Pe3ynbTaTOB H3MEPEHUN;

— TMeperpyxaTrb MNpUOOPHl TOKOM WWJIM HANpsDKEHHEM, MPEBBIIIAIOIINM
HOMHUHAJIHLHOE 3HAUYCHHE.

[IpoBepky HamWuus, TMOAABAEMOTO K CXEME WM DJIIEMEHTaM CXEMBI
HaANPsHDKEHUST HEOOXOJUMO MPOU3BOJIUTH TOJIHKO KOHTPOJIHHOM JaMIOUYKOW WIIH
BOJILTMETPOM, COOJTIOIasi TPaBUJIa TEXHUKU O€30MaCHOCTH.

[Ipu pabGote B sabopatopuu CIEAYyEeT CTPOTO COOJIOJATh MEpHI
IPEIOCTOPOKHOCTH, TaK KaK DJICKTPUUYECKUN TOK, MPOXOMISIIMA dYepe3 Telo

yenoBeka, BennuuHou B 0,025 A yxe ABISI€TCS ONACHBIM ISl AKU3HHU.
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MMHUCTEPCTBO HAYKHU U BBEICHIEI'O OBPA30OBAHU S POCCUMCKON
OEAEPALINN
denepanbHOE rOCyIapCTBEHHOE aBTOHOMHOE 00pa30BaTeNbHOE YUPEKICHUE
BBICIIIETO 00pa30BaHuUs
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[Taruropckuit uacTUTYT (hrnnan) CKOY

Meroanuyeckue ykazaHus
110 BBIITIOJIHCHHUIO KOHTpOJII)HI)IX pa60T

no qucuuumne « JIEKTPOBE3OITACHOCTDb»

JUTSL CTY/ICHTOB HATIPaBJICHUS TIOJITOTOBKH
13.03.02 DmekTpodHEepreTUKa 1 JIEKTPOTEXHUKA
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KonTponbHast paboTa COCTOUT U3 OTBETOB Ha MSATh BOIPOCOB MO TUCIUILINHE
«OneKTpo0e30nacHOCTb» U PELICHUS 33Jauu.
[Tepeuens BonpocoB npuBeAcH B Tabnune 2. B Tabnuie 1 npuBeneHsl BApUaHTH U

HOMeEpa BOMPOCOB, HA KOTOPbIE HEOOXOAUMO JJaTh OTBET B MUCbMEHHOH (popme. Homep

BapHaHTa COOTBETCTBYET MpeAnocie Heil mudpe 3a4ETHON KHUKKU CTYACHTA.
B Tabnuue 3 npuBeneHbl HOMEpa BAPUAHTOB U MCXOJIHBIC TAHHBIC JUISl pELICHUS 3a/1a4u.

Howmep BapuanTa 3a1aun COOTBETCTBYET MOCiIeHEHN HH(pe 3a4ETHON KHUKKU CTYACHTA.

OdopmiteHre KOHTPOJIEHON PabOTHI JOKHO COOTBETCTBOBATH YTBEPKAEHHOM (hopme.

Tabauua 1
No 1 2 3 4 5 6 7 8 9 10
BapHUaHT
a
No 1,112 | 2,12,22 | 3,13,23 | 4,14,24 | 5,15,25 | 6,16,26 | 7,17,27 | 8,18,28 | 9,19,29 | 10,20,30
BOHpOCa 1 1 ] 1 i 1 i 1 1 H
31,41 32,42 33,43 34,44 35,45 36,46 37,47 38,48 39,49 ,40,50

Tabnwmna 2
1
Umo Ha3bigeaemcs ariekmpoycmaHo8Kkou?
2 Kakue momenieHus: OTHOCATCS K 3JIEKTPOIOMEIICHHSIM ?
3 | Kak kmaccupuiupyroTcsi TOMENICHHs B OTHONICHUH OMACHOCTH TIOPayKCHUS
JIIO/ICH JIEKTPUUYECKUM TOKOM?
4 Kakue momernieHnst OTHOCSTCS K TOMEIIEHUSIM C TTOBBIIIIEHHON
OITaCHOCTHIO?
5 K kakuM moMenieH!sIM B OTHOIIIEHUH OMTACHOCTH TIOPaXKCHUS JTFOICH
AIIEKTPUYECKUM TOKOM IMPUPABHUBAETCS TEPPUTOPHS OTKPBITHIX
AJIEKTPOYCTAHOBOK?
6 Kak 0003HauatoTcst HyJeBble paboune (HeUTpaabHble) MPOBOIHUKHU?
7 Kakoe 6ykBeHHOE U IIBETOBOE 0003HAUYEHUE JOKHBI HIMETh MTPOBOJHUKHU
3aIIMTHOTO 3a3€MJICHUS B DJIEKSTPOYCTAaHOBKAX ?
8 | Kakoe OykBeHHOE U 1[BeTOBOE 0003HAYEHHE JOKHBI UMETh COBMEIIEHHbBIE
HYJICBBIC 3aIIUTHBIC U HYJIEBbIC pab0ovre MPOBOTHUKHN ?
9 Kakoe 6ykBeHHOE U 1IBETOBOE 0003HAUYECHUE JOKHBI HIMETh ITUHBI TTPH
NIEPEMEHHOM TPEX(Pa3HOM TOKe?
10 Kakue OykBEeHHBIE U I[BETOBBIE 0003HAYCHHUS JOHKHBI UMETh IITUHBI TIPH
IMOCTOSTHHOM TOKE?
11 | Yto mpuMeHsieTcs B AIEKTPOYCTAHOBKE JJISl IPEIOTBPAICHHS OITHOOYHBIX
onepanuii?
12 Kak moapa3nemnstorcst 23IeKTPOYCTAHOBKH 110 YCIOBHSIM
anexTpobe3omacHoCTH?
13 Kakue TpebGoBaHus TPEIBIBISIIOT K YCTPOUCTBAM ISl OTPAKICHUS U
3aKPBITHS TOKOBEAYIINX YacTeH B )KHIIBIX U OOIIECTBEHHBIX TOMEIICHUSIX ?
14 | B nemnsix ¢ KakuM HanpsHKEHUEM JIOJDKHO MPOU3BOJUTHCS U3MEPEHHE TOKa?
15 B kakux 1emnsx mpou3BOAUTCS U3MEPEHIE HAMPSKEHUs?
16 Kaxkas cucrema 3a3eMiIeHASI OTHOCHTCS K cucteMe TN?
17 Kakag cucrema 3azeMireHus otHocutTcs K cucreme TN-C?
18 Kakas cucrema 3azeMiieHUs OTHOCUTCS K cucteme TN-S?
19 Kaxkast cucrema 3azemiieHust oTHocuTcs K cucteme TT?
20 Kakast cucrema 3azemiienust oTHocuTcs kK cucreme IT?
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21

Kaxkas cucrema 3aszemiienust orHocurcs kK cucreme TN-C-S?

22
Ymo noHumaemcsi nod KOC8EHHbIM I'I,OUKOCHOGGHUGM?
23
YUmo noHumaemcsi nod Harnps>KeHUeM rMPUKOCHO8EHUS?
24 UTo noHMMaeTcs MoJ| HanpsHKeHHeM mara?
25 Uto nmoHnMaeTcs 1noJ| 3aUTHBIM 3a36MJICHHEM?
26 UTo moHUMaeTCs 1Mo pabounM 3a3eMiieHueM?
27 Urto crepyer mpuUMEHSTh JUIsl IOMOJHUTEIIBHON 3aIUThI OT MPSMOTO
MIPUKOCHOBEHUS B AJIGKTPOYCTAHOBKaX HampsbkeHueM a0 1 kB?
28 | Kakue 3amuTHBIC MEPBI IPUMEHSIIOTCS IS 3AIUTHI JIIOJICH OT MOpaXKEeHUs
AIEKTPUYECKUM TOKOM MPHU KOCBEHHOM MPUKOCHOBEHUH B CIIydae
MTOBPEXKICHMSI U30IISLUM?
29 Korna cnenyer BEINOTHATH 3alIUTY MPU KOCBEHHOM MPUKOCHOBEHUU?
30 B kakom ciyuyae He TpeOyeTcs BBIOIHATH 3alUTY OT MPSIMOTO
IIPUKOCHOBEHUS B IOMEILIEHUAX 0€3 NOBBILIEHHON OIaCHOCTH C
AIIEKTPOYCTAHOBKAMU MEPEMEHHOTO TOKA?
31 B kaxoii cucreme (cucreMax) peKOMEHIyeTCs BBIIIOJIHATh IOBTOPHOE
3azemiieHue PE u PEN mpoBoAHMKOB Ha BBOJIE B JIEKTPOYCTAHOBKHU
3aHus?
32 JomyckaeTcs win HeT npuMeHsaTh Y30, pearupyroiiee Ha
neddepeHInaIbHbIN TOK, B YeTHIPEXITPOBOIHBIX TpeX (ha3HbIX METsX
(cuctema TN-C)?
33 Kak cnenyet npoxiaapIBaTh MONEPEYHBIE 3a3€MIIUTENH 3a3E€MIISIFOIINX
YCTPOMCTB 3JIEKTPOYCTAaHOBOK HarpsiKeHrneM Boile 1 kB B ceTsx ¢
7 (PeKTHBHO 3a3eMIEHHON HEUTpaAJIBIO?
34 Kakum 10omKkHO OBITH COMPOTHBIICHUE 3a3€MIISIOIIETO YCTPOHCTBA, K
KOTOpPOMY IPUCOEIMHEHA HEUTpanu reHepaTopa Win Tpanchopmaropa mnpu
auHerHoM HanpsbkeHuu 380B ncrounuka TpéxdasHoro Toka?
35 | Urto MOXKeT OBITh HCITOJIB30BAHO B KAYECTBE €CTECTBEHHBIX 3a3eMITUTEIICH?
36 B kakom ciyuae paspeniaercs UCIIOIb30BaTh AIFOMUHHUEBBIE 00OIOUKH
kaOeJell B KaueCTBE €CTECTBEHHBIX 3a3eMIINTENeH?
37 JlomyckaeTcst Ujii HET UCII0JIb30BaHKE TPYOOIIPOBOAOB LIEHTPAIBLHOTO
OTOIJICHHUS] B KAYECTBE €CTECTBEHHBIX 3a3€MIIUTENECH?
38 W3 kakoro marepualia JOKHBI H3TOTaBIMBATHCS HCKYCCTBEHHBIC
3a3€MJIUTENN?
39 Kakoe ceueHne JOKEH HMETh CTATbHOM 3a3E€MIISIFOIIHIA TTPOBOIHHK,
MIPUCOSANHSIONINIA 3a3€MIIUTEh pad0Yero 3a3eMJICHHS K TTIaBHOM
3a3eMJISIIOIIEH IIMHE B AJIEKTPOYCTAaHOBKaxX HarnpspkernueM 1o 1000 B?
40 N3 xakoro marepuana 10>KHA U3TOTABIMBATHCS TJIABHAS 3a3eMIISIOIIast
mIMHA?
41 Uto MOXKET UCTOb30BaThCs B kKauecTBe PE-npoBoAHMKOB B
3JIEKTPOYCTAHOBKax HampspbkenueM 10 1000 B?
45 K kaxoii mmHe B Mecte pazaeneHus PEN-npoBogHuka Ha HyJeBOI
3aIUTHBINA U HYJIEBOW pabOUYnii TPOBOIHUKH JTOJDKEH MoIKiItouaTbest PEN-
MPOBOJIHUK MUTAIOUIEH JIMHUU?
43 Kakum meraomMmmeTpom NMpou3BOAUTCS U3MEPEHHE COMPOTUBIICHUS
M30JSIIMY [TPU UCTIBITAHNN 1Lieneil HanpsbkeHueM 1o 500 B?
44 Kakum meraomMmmeTpoM Npou3BOANUTCS U3MEPEHHUE CONPOTUBIICHUS
M30JISIIIUY TIPU UCTIBITAHUM 1eniel Hanpsbkenuem ot 500 no 1000 B?
45 Kakum 00pa3oM npoBoauTCs IpoBepKa 1enH (aza-Hynb B
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aeKTpoycTaHoBKax 70 1 kB ¢ cucremoit TN?

46 | Yro HOIKHO OBITH HAHECEHO HA OMOPaX BO3AYIIHOM JMHUU HANPSHKEHUEM
0,4 xB?

47 | Kakum 00pa3oM OCYIIECTBIISIETCS 3AIIUTHOE 3a3eMIICHHE METAIUTMYECKUX
KOPITYCOB CBETUJIBHUKOB OOIIIEr0 OCBEIICHUS B CETAX C TIIyX03a3eMJIEHHOM

HENTpasbio?
48 Kaxkoe paccrosiuue oT TpyOOIIpoB0o10B (BOAOIIPOBO/I, OTOILICHHUE,
KaHaJIu3alus, BHYyTPECHHUE BOAOCTOKH) TOJKHO OBIThH JI0 MECTA YCTAHOBKH
BY, BPVY, I'PII1?
49 Kakue HanMeHbIIHEe CeYSHHS METHBIX Ka0elel U MPOBOJIOB TOJIKHBI

IMIPUMCEHATHCS B JIMHUAX I'PYIIIIOBBIX CeTeH JKUJIIBIX 3I[aHPII>i?

50 | Kakum npoBojaom, kabenem MpoKIaibIBAlOTCS JIMHUU TPYIIOBLIX CETeHl OT
ATAXHBIX U KBAPTUPHBIX HIUTKOB JI0 CBETHJIBHIUKOB OOIIEr0 OCBEIICHUS?

3amaua 1l
ITo 3amannbiM B Tabnuile 3 3HAYCHUSM HANPSIKEHUS CETH, COMPOTUBIICHUS
30U Ry , EMKOCTH (ha3HBIX MPOBOAOB OTHOCUTENBHO 3eMau C, u
CONPOTUBJICHUSI YesoBeka Rn, onpenenuTs TOK NpIMOro NpUKOCHOBEHHS.

Tabnuna 3
Neo BapmaHTa 1 2 3 4 5 6 7 8 9 10
Hampspxenue 380/ | 380/ | 380/ | 380/ 380/ 220/ 220/ | 220/ | 220/ 220/
cetn, B 220 220 220 220 220 127 127 127 127 127
Rus, kOm 25 27,5 30 32,5 35 25 27,5 30 32,5 35
C, vxd 0,075 | 0,09 1,0 1,015 | 1,025 | 0,075 | 0,09 1,0 1,015 | 1,025
Rh, xOm 2,0 2,5 3,0 3,5 4,0 4,0 3,5 3,0 2,5 2,0
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BBEJIEHUE

CamocrosTenbHas pabora — IUlaHHpyeMas ydeOHas, YyueOHO-Hcclen0BaTelbCKas,
HAyYHO-HMCCIIEI0BATENbCKas padoTa CTY/IEHTOB, BHINOJIHAEMAs BO BHEAYAUTOPHOE (ayAUTOPHOER)
BpeMs IO 3aJlaHuI0 W TpPU METOJIWYECKOM pPYKOBOJACTBE IIpernojaBareis, HO 0e3 ero
HENOCPEACTBEHHOIO Yy4acTHsl (IpU YaCTUYHOM HENOCPEICTBEHHOM Y4YacTUH IpErojiaBaTels,
OCTaBJISIFOIIEM BEAYIIYIO POJIb 32 pa0OTOM CTYACHTOB).

CamocTtosTenpHas padbora CcTyAeHTOB B BY3e sBiseTcss BaKHBIM BHJIOM Y4eOHOH H
HAy4YHOU e TEIbHOCTH CTY/ACHTA.

Benymas nenp opranmsauuu u ocymectieHus CPC ngomkHa coBmazaTh € IIEJNIBIO
oOyueHusi CTyIeHTa — MOJTrOTOBKOM OakajnaBpa ¢ BbICIIUM oOpa3oBanueM. llpu opranuzanmu
CPC BaxHbIM ¥ HEOOXOAMMBIM  YCIOBHEM CTAaHOBSTCS  (OpMHUpOBaHHE  YMEHHUs
CaMOCTOSITENIbHOM paboThl A1 MPUOOPETEHUsI 3HAHUM, HABBIKOB M BO3MOXXHOCTU OpPTraHU3aINU
y4eOHOWM U HAyYHOU JeSATCILHOCTH.

[{enbto caMOCTOSITENILHOM PabOThl CTY/ICHTOB SBIISIETCS OBIaeHUE (PyHIaMEHTAIbHBIMU
3HaHUSAMH, TPO(HECCHOHATLHBIMUA YMEHUSMHU M HABBIKAMU JCATEIBHOCTHU IO TMPOQHITIO, OIBITOM
TBOPUYECKOHM, HCCIENOBATeNbCKON JnesarenbHocTH. CamocTtodTenbHas paboTa CTYIIEHTOB
CIOCOOCTBYET PpA3BUTHIO CaMOCTOSITEIbHOCTH, OTBETCTBEHHOCTH ¥ OpPraHM30BaHHOCTH,
TBOPUYECKOTO MOIX0/1a K PEHICHHUIO MpodaeM y4eOHOTO U MpodecCuOHAIBHOTO YPOBHSL.

B yuebHo#l mucuurumiHe «ONEKTPOOE30MACHOCTE» PACCMATPUBAIOTCS  BOIPOCHI
0€30MacHOT0 B3aMMOJICHCTBHUS YelIOBEKa C DJIEKTPUUYECTBOM U SJIECKTPOMATHUTHBIMHU MOJISIMU
MPOMBIIJICHHON 4acTOThl. V3yueHuWe cTyneHTaMH JUCHUIUIMHBI MO3BOJISIET CPOPMHPOBATH Y
OyIyuIMx CHeNHUaIuCTOB ClielhaibHble 3HAHH B 00JIaCTH 3neKkTpobe3onacHocTu. Peanuzanus
Ha IpaKTUKE 3TUX 3HAHUN 00ECHedyuT COXpaHeHUEe pabOTOCHOCOOHOCTH, 3/10POBbS U KU3HU
YeloBeKa.

1. OBLLASA XAPAKTEPUCTWKA CAMOCTOATENIbHOW PABOThI

OBYYAIOWENOCA NP N3YHEHUN ONCUMMNINHBI
«NNEKTPOBE3OIMNACHOCTb»

CamocrosrenbHas paboTa - IulaHUpyeMas ydeOHas, ydeOHO-HccieaoBaTeIbCcKasl,
Hay4YHO-HCCIIeI0BaTeNIbCcKasi paboTa CTYJEHTOB, BBIIIOJIHSEMAasl BO BHEAYAUTOPHOE (ayAUTOPHOE)
BpeMs IO 33aJaHMI0O W TPH METOJUYECKOM pPYKOBOJCTBE IIpernojaBaTensi, HO 0e3 ero
HEMOCPEACTBEHHOI0 y4acTHsi (IpU YaCTUYHOM HEMOCPEICTBEHHOM Y4YacTUHU IMpenojiaBarens,
OCTaBJIAIONIEM BEIYIIYIO POJIb 32 PabOTON CTYAECHTOB).

CamocrositenbHas pabota cryaeHToB B BY3e sBrnsercs BakHBIM BHAOM Y4YeOHOW W
HAy4YHOH JesaTeabHOCTH cTyAeHTa. CamocTodTenbHas paboTa CTYACHTOB UTPaeT 3HAYUTEIbHYIO
pOJIb B PEHTHHTOBOM TEXHOJOTHU 00yueHus. B cBsi3u ¢ atum, oOydenne B BY3e Bkitodaer B
ce0si JBe, MPAKTUYECKU OJMHAKOBBIE MO O00BEMY M B3aUMOBJIHMSIHMIO YacTH — Ipoliecca
oOyueHuss u mpouecca camooOyueHus. [loatomy CPC nomxkna crate 3>(Q¢eKTuBHON U
LeJIEHANPaBIeHHONW paboTON CTyACHTA.

K coBpeMeHHOMY crierMaucTy 0OIECTBO MPEABABISAET JOCTATOYHO MIMPOKUH MIepeYeHb
TpeOOBaHUM, CpeAM KOTOPHIX HEMAJIOBa)KHOE 3HAUEHHE HMEET HAJMYUE Yy BBIMYCKHHKOB
OTIpe/IeNIEHHBIX CIIOCOOHOCTEH M YMEHHSI CaMOCTOSITEIbHO J00bIBaTh 3HAHUS M3 Pa3IMUHBIX
MCTOYHHUKOB, CHUCTEMAaTHU3UPOBATh MOJYYEHHYI0 HH(OpPMAIMIO, JaBaTh OIEHKY KOHKPETHOMH
¢dbuHaHCcOBOU cuTyaru. GopMHUPOBaHNE TAKOTO YMEHHS IIPOUCXONT B TEYCHUE BCETO TIEpHOIA
0o0y4eHHs 4epe3 ydacTHe CTYACHTOB B NPAKTUUYECKUX 3aHATHSX, BBITOJHEHHE KOHTPOJBHBIX
3aJlaHul U TECTOB, HAMMMCAaHWE KYPCOBBIX U BBIMYCKHBIX KBaJM(UKAIIMOHHBIX padoT. [Ipu aTom
caMmocTosiTeNlbHass padoTa CTYIEHTOB WrpaeT peIIAoNIyl0 pPOJib B XOJIE BCEro y4eOHOro
npotrecca.
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Benymas nenp opranumzanumu u ocymectBieHuss CPC pgoibkHa coBmagaTh C IEJbIO
o0OydeHUsl CTYJICHTa — MOJATOTOBKOM cIieluaiicTa U 0akaigaBpa ¢ BeICIIMM oOpa3oBaHueM. [Ipu
opranuzai CPC BaXHbIM M HEOOXOIMMBIM YCJIOBHUEM CTaHOBSITCS (POPMHUpPOBAHUE YMEHUS
CaMOCTOSITENTLHOW pabOThI I IPHOOPETEHUsI 3HAHUI, HABBIKOB M BO3MOXXHOCTH OpPTaHU3aIUN
y4eOHOW U Hay4YHOH JCSATEITHLHOCTH.

@opMBl  CaMOCTOSITEILHOM PabOThl CTYJIEHTOB pa3HooOpa3Hbl. B cooTBercTBUM C
paboueii  mporpaMMoil  TUCIUIIMHBI «JNEKTPOMarHuTHasT ~ COBMECTUMOCTb B
AJIEKTPOIHEPTETUUECKUX CHCTEMax» MPEIyCMOTPEHBI CIEAYIOIIME BHJIBI CAMOCTOSTEIbHOMN
paboThI CTyIeHTA:

- CAaMOCTOSITEIbHOE U3YUCHUE TUTEPATYPhI;
- BBIMIOJIHEHUE KOHTPOJIbHOM pabOThI
- BBINOJHEHUE UHANBUIYAIbHBIX TBOPUYECKUX 3aJIaHUM.

Lleny camocmoamenvno2o uzyuenus aumepamypsl — CaMOCTOSATEIBHOE OBJIAJCHUE
3HaHUSIMHU, OTIBITOM UCCJIEI0BATEILCKON IEATETLHOCTH.

3adauamu camOCTOATEIBLHOIO U3YUEHUS JTUTEPATYPBI SABIISAIOTCS:

. yri1yOJieHHE U paclIipEeHNe TEOPETHUECKUX 3HAHUIA;

. (dbopMHUpOBaHHE YMEHHI HCIIOJIb30BaTh HOPMATHUBHYIO, TIPABOBYIO, CIIPABOYHYIO
JOKYMEHTALMIO U CIIELUAIIBHYIO JIUTEPATYPY;

. pa3BUTHE MTO3HABATENIBHBIX CIOCOOHOCTEH 1 aKTUBHOCTH CTY/ICHTOB.

Llenv camocmoamenvHo20 GbINONHEHUA KOHMPOAbHOU padomvl - OBIAJCHUE

npoeCCHOHATPHBIMU  YMEHHSIMA W HaBBIKAMH JCATENBHOCTH 10 mpodwio  Oymymei
NEeATEIbHOCTH.
3adauamu caMOCTOATEIIBHOTO IPOBEACHUS PACUETOB SBISIOTCS:

. CHUCTEMAaTH3alusg W 3aKPCIUICHUE TIONYYCHHBIX TEOPETUYESCKUX 3HAHHHA U
MPAKTUYECKUX YMEHUN CTYJECHTOB;

. dhopmupoBanue CaMOCTOATENBHOCTHU MBILJICHUS, CIIOCOOHOCTEM K
CaMOpPa3BHUTHIO, CAMOCOBEPIIICHCTBOBAHUIO ¥ CAMOPEATTU3AIINN;

° pa3BUTHE UCCIIEIOBATEIBCKUX YMEHUI.

Ilenv noozomoeéku uHOUBUOYAIbHO20 3A0AHUA — CAMOCTOSITEIIBHOE OBJAJCHUE

3HaHHUAMU, OIIBITOM HCCIIEIOBATEIBCKOM JIEITEILHOCTH.
3aoauamu NMOATOTOBKH MHAUBUAYAJIBHOTO TBOPYCCKOI'O 3a/IaHUS SABJIAIOTCA:

o yriayOJeHue U paclIupeHrne TEOPETUUECKUX 3HaHUI B paMKaX KOHKPETHON TEMBI,

. (dbopMHpoBaHHE YMEHMH HCIIOJIb30BaTh HOPMATHBHYIO, MPABOBYIO, CIIPABOYHYIO
JOKYMEHTAIUIO U CIIELIUAIIBHYIO JTUTEPATYPY;

. pa3BUTHUE UCCIIEN0BATEIBCKUX YMEHUM.

L Pa3BUTHUEC MMO3HABATCIIBHBIX CHOCOOHOCTEHN M aKTUBHOCTH CTYACHTOB.

Llenvto camocmoamenvhoz2o évinoaHeHUA Kypcoeoii padomsl 110 AUCHUILIINHE SIBISIETCA
oBlafieHHe (QYHAAMEHTATbHBIMU 3HAHUSIMH, MPO(HECCHOHATHPHBIMU YMEHHSMH H HaBBIKaMU
JESATETLHOCTH 10 TTPOQHITIO, OTTBITOM TBOPUYECKOH, UCCIIEIOBATENHCKON AESTEIHHOCTH.

B pe3ynbrare ocBOeHUS AUCHUTUTHHBI (POPMUPYIOTCS CIEIYIONINE KOMIETEHITHH:

Ko, ¢popmymuposka Koxu, popmynupoBka HHIUKATOPA [TnanupyeMble Pe3ybTaThl
KOMIIETEHIIUU 00y4eHMS TT0 JUCITUTUINHE
(MomyITI0), XapaKTepHU3YIOLIre
aTarbl HGOPMUPOBAHUSI
KOMITCTEHIINH, UHIMKATOPOB

VK-8 Cnocoben HI-2vs O 3HaeT HOpMaTUBHBIE
CO3/1aBaTh U A-2vi-s OUCHUBACT BEPOATHOCTE IPABOBBIE AKTHI 110

BO3HHUKHOBEHHUS [TOTEHI[NAIHLHON o
MO//ICPKUBATH B 03 0B OTCHIL = o opraHu3amuu 6e30macHou
OITACHOCTH B MOBCEIHEBHON JKU3HU

MOBCETHEBHOMN KU3HU U B . JKCIUTyaTaluu

. U MOHAIBHOU
npodeccnoHanbHOM podeccro 0 AIEKTPOYCTAaHOBOK
NESATEIbHOCTH ACATCILHOCTH M IPHHUMACT MCPBI AHaJIM3UPYET OMACHOCTU
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Oe30MacHbIe yCIOBUS
KHU3HEEATSTBHOCTH JUIS
COXPaHEHHUS MPUPOIHOMN
cpenbl, o0ecneYeHus
YCTOWYHBOTO Pa3BUTHUS
00II1eCTBa, B TOM YHCIIE
[P YTPO3€ U
BO3HUKHOBEHUU
YpEe3BbIUAMHBIX CUTYALINI
Y BOGHHBIX KOH(JIMKTOB

0 €€ MPEayNPEXKICHUIO

IMOpax€H1s TOKOM B

PA3JINYHBIX SJICKTPUICCKUX

CCTAX.

Brnaneer HaBRIKAMU
MIPUMEHEHUS

BHGKTp OTCXHUYCCKUX
3aIUTHBIX CPEJICTB.

ITK-1 Criocoben
y4acTBOBATh B
IIPOEKTUPOBAHUU CUCTEM
3JIEKTPOCHAOKCHUS

N /1-2nk-1 Beioupaer tTunobie
MIPOCKTHBIE PEIICHHS CUCTEM
AIIEKTPOCHAOKECHUS

3HaeT Ha3HAUYCHHE,
MPUHLIUN AEHCTBUS U
00J1aCTh TPUMEHEHUS

3alIUTHBIX 3a3EMIICHHIA,
3aHYJIEHUMN U 3alUTHBIX

OTKJIFOUECHUH.

Bnageer HaBbikamMu
IJTAHUPOBAHUSA
MEPONPUATHH T10
00eCTIeYeHUIO
AIIEKTPOOE30MaCHOCTH.

2. MNAH-TPA®UK BbINONHEHNA CAMOCTOATENBLHOW PABOThI

TexHoJI0rMYeCKasi KAPTA CAMOCTOATEIbHOI padoThI CTyIeHTa

Ko O0neMm qac(OB, B)TOM YHCIIe
. acTp
pearusy Hroroserit CpenctBa u CPC KonraktH | Beero
eMbIX | Bung mestenbHOCTH MIPOIYKT
TEXHOJOTHH as
KOMIIET CTYJICHTOB CaMOCTOSTEIIb «
eHI i HOM pabOTHI OTCHKH pabora ¢
npenoaaBa
TeJIeM
Ounasi popma 00yueHus
8 cemectp
CaMOCTOSTENIBHOE KoHucmekt CobecenoBanue 22,56 2,84 25,4
M3y4eHue
JIATEPATYPBI 1o
VK-8 | paszenam Nel-9
UJI-2 [ToaroroBka x Otyer no CobecenoBanue 6,48 0,72 7,2
VK-8 71a00paTOPHBIM nabopaTopHOI
[IK-1 | pabotam pabore
Njg-2 | lHoaroroska k [Ipoexr ¢ [Ipe3enTanus 2,16 0,24 2,4
-1 MPAKTHICCKUM TIpe3eHTaIHeH MPOEKTa
3aHATHAM
Brinonnenue Otyer CobecenoBanue 12 1 13
KOHTPOJIBHON
paboTHI
Hroro 3a 8 cemecTp 43,2 4.8 48
3aounas popma 00yyeHuUs
9 cemecTp
VK-8 CaMOCTOSTEIIBHOE KoHcmext CobecenoBanue 68,46 9,94 78,4
WJT-2 H3y4YEHUE
JUTEPaTyphI 1o
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VK-8 pasaenam Nel-9
IIK-1
n-2
-1 IToaroroska x OTuer no CobecenoBanue 1,62 0,18 1,8
71a060paTOPHBIM nabopaTtopHoOi
pabotam pabote
IToaroroska x [Tpoekr ¢ [Ipe3enTanus 0,72 0,08 0,8
MPAKTHYICCKUM Mpe3eHTaICH IIPOEKTa
3aHATHSIM
Brmmonaenue Otuer CobecenoBanue 10 1 11
KOHTPOJIBHOI
paboThI
HToro 3a 9 cemecTp 80,8 11,2 92

3. KOHTPOJIbHbIE TOYKN 1 BObl OTHETHOCTW MO HUAM
B pamkax peHTHHIOBOM CHCTEMBI YCIEBAEMOCTb CTYJIEHTOB IO KaXIOW JUCLUILIMHE
OLICHHUBAETCS B XOJ€ TEKYLIET0 KOHTPOJISA U IPOMEKYTOYHON aTTECTALIUN.
[Ipu nmpoBeneHnN TEKYyIEro KOHTPOJI PEMTUHIOBAsl OLICHKA 3HAHWW CTYJEHTa OLICHUBACTCS
CIICAYIOIIHUM 00pazoMm:

Ne Bun nesrenbHOCTH CTYIEHTOB Cpoxu KomnuectBo
/1 BBITIOJTHEHHSI OasioB
1. 3amuTa nadopatopusix pabor. Tema: Omnpenenenue 3 Henens 10
3aBHCUMOCTEH, XapaKTEPU3YIOMIUX SIBIICHUS  IPU
CTEKaHHH TOKa B 3€MITIO Yepe3 3allUTHBIN 3a3eMIINTEINb
2. 3amura naboparopubix pabor. Tema: Koutponb 6 Hexens 15
W30JSIIIMMA B DJEKTPHUECKON CETH C W30JMPOBAHHOMN
HEUTPAIBIO
3. [IpakTuueckoe 3anstue. Tema: Pacuer 8 Henmens 30
COINIPOTHBIICHUS 3a3EMJICHUS
Hroro 3a S cemecTp 55
Hroro 95

MaxkcuManbHO BO3MOKHBIM 0alll 32 BECh TEKYIIHI KOHTPOJIb YCTaHABIUBAETCS PaBHBIM
55. Tekyriee KOHTPOJIBHOE MEPOIIPUATHE CUYUTACTCS CAAHHBIM, €CITH CTYJCHT IMOJYYHII 32 HETO
He MeHee 60% OT yCTaHOBIEHHOTO JI ATOr0 KOHTPOJI MaKCUMaibHOTO Oania. PedTHHTOBEIM
6am1, BBICTaBJISIEMBIH CTYACHTY 3a TCKYIICC KOHTPOJIbHOC MEPOIIPUATUE, CTAHHOC CTYACHTOM B
YCTaHOBJICHHBIE TPa(UKOM KOHTPOIBHBIX MEPONPHUATHN CPOKH, OMPEACTSAETCS CIEIYIOIIUM
o0OpazoM:

YpoBEHb BBITTOJTHEHUS KOHTPOJBHOTO Peiitunroserit 6am1 (B % OT MakKCUMaIbHOTO
3a1aHus Oasia 3a KOHTPOJIBHOE 33/1aHHUE)
OTIMYHBIN 100
Xopomuii 80
Y 10BIE€TBOPUTEILHBIN 60
HeynosnersopurenbHblil 0

Bomnpocs! 1u1s1 codbecenoBaHust
1. Jlaiite onpeneneHue 6€30MaCHOCTH U OXPaHbI TPY/IA.
2. Kakwue TUIIBI 3JIEKTpUYECKHUX CETel Hanbosee paclpoCTpaHeHbI Ha
IIPOU3BOJICTBE?
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3. Ha3zoBuTe UCTOUHUKH JIEKTPUYECKON OMACHOCTU Ha MPOU3BOCTBE.

4. Yto Takoe HaIpsHKEHUE TPUKOCHOBEHUS U 11aroBoe Hanpsbkenue? Kak
3aBUCST UX BEJIMYMHBI OT PACCTOSHUS OT TOUKH CTEKAHUS TOKA B 3eMIIIO?

5. Kak kiaccuduimpyrorcst moMemeHus mo CTeNeHH dJIEKTPUIECKON
omacHoCTu?

6. Kak Bo3nmeiicTByeT anekTpruueckuil Tok Ha yenoBeka? [lepeunciure u
OXapaKTEPU3YHUTE BUJIBI AJIEKTPOTPABM.

7. Kakue mapaMeTpsbl 3JIEKTPUYECKOTO TOKA OMPEICIISIOT TIKECTh
MOPaXEHUSI FJIEKTPUUECKUM TOKOM? YKaKUTE MOPOTOBbIC BEIIMUUHbI
CUJIBI TOKA.

8. Kakoil myTh NpOTEKaHUsI JIEKTPUIECKOIO TOKA YEPE3 TENO YETIOBEKA
HauOoJiee onaceH?

9. YKaXuTe UCTOYHUKU HAUOOJIbIIEH AIIEKTPUUECKON OMaCHOCTH Ha
IIPOM3BO/JICTBE, CBA3aHHOM C Baliei Oyayiieit mpodeccuei.

10. Kakoe MpUKOCHOBEHHE K MTPOBOJIHUKAM, HAXOJALIMMCS IO/l HAPSHKEHUEM,
HanOoJIee OMacHoO I YeloBeKa?

11. IToueMy IPUKOCHOBEHUE PYKOU K IPEAMETAM 3JIEKTPUUECKU COCAUHEHHBIM
c 3emi€it (HampuMmep, BOJONPOBOJHOW TpyOoi) mnpu pabore ¢
ANEKTPUYECKUMHU YCTPOMCTBAMHU PE3KO YBEIUYMBAET OMACHOCTh MOPAKECHHUS
AIEKTPUYECKUM TOKOM?

12. IToueMy Tipy PEMOHTE AIEKTPUUYECKON anmapaTypbl Hy>KHO BBIHUMAThb
AIEKTPUUYECKYIO BUIIKY U3 PO3ETKU?

13. ITouemy mipu paboTe € FAESKTPUUECKUMHU YCTPONUCTBAMU HEOOXOIUMO
HaJieBaTh OOYBb?

14. Kak MOKHO YMEHBIIIUTh OMACHOCTh MOPAXKEHUS IJIEKTPUUESCKUM TOKOM?

15. PaGouast u30is1usi: yCTpoMCTBO, 00J1aCTh TPUMEHEHUS

16. KaTeropuu noMemieHni o OMmacHOCTH MOPAKEHUS JIEKTPUUECKUM TOKOM.

17. AHanu3 OMacHOCTH JIJIS YeJIOBEKa MPpHU KacaHuM 3-X (pa3HO 3I1.CETH C
M30JIMPOBAaHHOW HEUTPAJIBIO.

18. OCHOBHBIE U AOMOJHUTEIbHbBIE JEKTpo3aluTHbIE cpeacta a0 1000 B.

19. AHanu3 ONMACHOCTH JIJISl YeJIOBEKa MPHU KacaHuM 3-X (Pa3HOM 3I1.CETH C
3a3€MJIEHHOW HEUTPAJIBIO

20. 3aIUTHOE 3a3eMJICHUE, YCTPOHUCTBO, 00J1aCTh TPUMEHEHHS.

21. 3amura OT AEHUCTBUS JIEKTPOMArHUTHOTO TTOJIS.

22. 3alIUTHOE 3aHYJIEHUE: YCTPONCTBO, 00IaCTh MPUMEHEHHUS

23. 3alIMTHOE OTKIIIOYEHHUE: YCTPOHUCTBO, 001aCTh MPUMEHEHHUS

24. Opranu3zanus paboT B AJEKTPOYCTAHOBKAX

25. TpeOoBaHMS K AJIEKTPOTEXHUUEKOMY MEPCOHATTY

26. Ilpu Hanpsokenuun U=80 B B otpeske nposona [THCB-1x1.2 gnunHoit 28
METpOB U comnpotuBieHuemM 3.7 OM Tok cocrtaBisier 15 A. Kakoil moipkHa
OBITH JITTMHA MIPOBOJIA, YTOOBI TOK B HEM OCTAJICSl MPEKHUM TMPU HAMPSHKEHUN
36 B?

27. VznoxuTe NOpsiAOK paccieoBaHusl HECUACTHBIX CIy4aeB B
ANEKTPOYCTAaHOBKAX.
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28. JIo kakoro 3HayeHUs JODKHO YIACTh CONPOTUBICHUE H3OJISIIUU
ynnuuutens 220 B, uro6sl onnodazHoe Y30 Ha 30 MA TapaHTHPOBAHO
OTKJIIOYWIIO JIMHUIO?

29. C kakoi uenpro npumeHAOT Y30? B kakux 4acTax 3J€KTPOYyCTaHOBOK
npumeHenue Y30 o0s3aTenbHo?

30. Omnpenenute, Kakas MOIIHOCTh BBIICNAETCS B aKTUBHOM CHUMMETPUYHOU
Tpexda3Hoi Harpy3ke IMpU JMHCWHOM HampsikeHuu 42 B u IuHEHHOM
Toke 24A.

31. Beruncnure, kakoil TOK moTpeOssiroT jammbl MourHocTeio 100 BT mpu
HanpspkeHusix cetu 36 u 220 B. Kakas MOIIHOCTH BBIIEIUTCS Ha
Kaxknoin Jjamme, eciu 2 gamnel 220 B 100 Bt BKIIOYHTH
nocieaoBareabHo B ceTh 220 B? Hapucyiite cxemy.

32. HapucyiiTe TUIIOBYIO CXEMY BKJIIOUEHHS TpeX(a3HOro 3IEKTPOIBUTATENS
yepe3 Y30. [lognumure npoBogHUKH cornacHo [TYD.

33. Beruucnute TOK, MOTpeOIsieMblil Tpex(da3HbIM JIEKTPOJABUTATENIEM, €CITU
Ha €ro mwibauke ykaszanbl gaHueie: U=380B, P=3 kBT, cos ¢ =0.85,
KII=0.95.

34. Ilouemy 3ampelieHO MCIHOJIB30BAHUE KOHTPOJBHBIX JIAMII, €CJH
HaIpsDKEHHE AJIEKTpoycTaHOBKM TmpeBblmaeT 220 Boast? B uem
NPEUMYIIECTBA KOHTPOJIBHBIX JIaMIT [Epell MPOYMMHU  YKa3aTeIsIMU
HaIPsDKEHMS], B YEM HEI0CTaTKU?

35. Kak criemyer neMcCTBOBaTh B OTHOIICHHH SJICKTPONPUOOPOB B Ciydae
noxapa? Kak Hy>XHO TYIIUTh MOXKap B TOM CIy4dae, €CIu HaNpsHKEHUE
HE CHATO WJIU CHATO HE MOJTHOCTBIO?

36. TpeboBaHMS K MCCKYCTBEHHBIM 3a3€MJIUTENSIM.

37. TpeboBaHMs K €CTECTBEHHBIM 3a3EMITUTEIISIM.

38. TpebGoBaHus K 3a3eMJICHUIO MOJIHUE3AIUTHI.

39. Kak BbIOupaeTcs ceueHus MPOBOJIHUKOB B 3/IaHUSIX U COOPYKCHHSIX.
40. YTo TaKoe 3alIUTHOE JIEKTPUUECKOE Pa3/IeJICHUE LETei?

4. METOOMYECKME PEKOMEHOALWW MO N3YEHUIO TEOPETUYECKOIO
MATEPUATIA

CamocTtosTenpHass padoTa CTyIEeHTAa HAYMHAETCS C BHHUMATEIHHOTO O3HAKOMIICHHS C
coJepkaHueM ydeOHOTO Kypca.

W3ydeHne KaKa0W TEMBI CelyeT HAaYMHATh C BHUMATEIHHOTO 03HAKOMJICHHS C HAOOpOM
BOIpocoB. OHU OPUEHTUPYIOT CTYAEHTA, MMOKA3bIBAIOT, YTO OH JIOJDKEH 3HATH IO TAaHHOW TEMeE.
Bomnpocer Tembl kak Obl HakJIaAbIBAIOTCS Ha COOTBETCTBYIOIIYIO TJaBy M30paHHOTO y4eOHUKa
unu ydebHoro mocobus. B utore g0mKHO OBITH SICHBIM, KaKHE BOIPOCHI TEMBI YU€OHOTO Kypca
U C KaKo¥ TITyOMHOM pacKpBITHI B KOHKPETHOM Y4eOHOM MaTepuaie, a Kakiue BOOOIIe OMMyIICHEI.
TpeOyeTcst TBOpUECKOE OTHOIICHHUE W K CAMOMY COJICPKAHUIO TUCIIUTUIAHEI.

Bormpocsl, cocraBnsmomume ee cofepkaHue, 00IagaroT pa3HON CTENeHbI0 BAXKHOCTH. ECTh
BOIPOCHI, BBIMOJHAIOMNE (YHKIHIO JIOTUYECKOW CBSI3KM COJAEp)KaHUS TEMbl M BCEro Kypca,
HMMEIOTCSI BOIIPOCHI OMKUCATENHLHOTO WM Pa3bsICHUTEIBLHOTO XapaKTepa, a TAK)Ke UCTOPUUECKOTrO
JKCKypca B 00JacTb H3y4aeMoM IWCHUIUIMHBI. Bce 3TH BONpPOCHI HE COCTABISIIOT CYTH

130



MOHATUMHOIO, KOHIIETITYalIbHOTO COJEpXKaHUS TEeMbl, HO HEOOXOJUMBI Ui LEIOCTHOTO
BOCIIPHUSATHS U3Y4aeMbIX ITPOOIIEM.

N3ydaemas qucuMIUIMHA UMEET CBOM KaTeropuajbHO-TIOHSITUHHBIN amnmapar. HayuHeie
MOHATHUSL — 3TO Ta 06a3a, Ha KOTOPOW CTPOUTCS Kaxaas Hayka. [IoHATHS — y3J0BbIe, OOPHBIE
MYHKTHI KaK HAy4YHOTrO, TaK U y4e€OHOrO MO3HAHUS, JOTHUYECKHUE CTYIEHH IBUKEHHS B yuebe oT
IIPOCTOr0 K CJIOKHOMY, OT SIBJIEHUS K CYLUIHOCTU. be3 sfCHOro moHuMMaHus NOHATUH ydeba
KpaiiHe 3aTpyAHsieTCs, a CoJlep)KaHhe MPUOOPETEHHBIX 3HAHUN CTAHOBUTCS TYCKIIBIM,
pacIUIbIBYATHIM.

CTyneHT NOJDKEH MOHMMAaTh, YTO CaMOCTOSITENIbHOE OBJaJIeHWE 3HAHUSIMH SIBIISETCS
IJIaBHBIM, ONpeAeIsIIomrM. Bpicmas mkoia co3maeT uis 3TOT0 HEOOXOAWMBIEC YCIIOBHS,
nomoraer OyaylieMy BbICOKOKBATU(DHUIIMPOBAHHOMY CIELMATUCTY OBJIAJETh TEXHOJIOTHEH
CaMOCTOSITEJILHOTO MPOU3BOICTBA 3HAHUH.

B camocrosTenbHOll paboTe CTyA€HTaM NPUXOAUTCA UCIOIb30BaTh JUTEPATYPY
pa3NMYHBIX BHUJOB: TEPBOMCTOYHUKH, MOHOTpaduu, Hay4dHble COOpHUKH, XPECTOMATHUH,
y4eOHUKH, y4eOHbIe MOCOOMs, *KypHalbl U Ap. M3ydeHuwe Kypca mpeanoyiaraeT 3HaKOMCTBO
CTYJECHTOB C OOJIbIIMM O0OBEMOM HayyHOW M Y4eOHOH JUTEpaTyphl, 4TO, B CBOIO O4YEpelb,
MOPOXKJIaeT HEOOXOAMMOCTh BBIPAOOTKM Yy HHUX palMOHAIBHO-KPUTHYECKOTO TOIX0Ja K
M3Y4aeMbIM UCTOYHHUKAM.

UroObl HE «YTOHYTB» B OIPOMHOM OOBEME PEKOMEHIOBAHHBIX €My ISl H3Y4EHUS
HCTOYHUKOB, CTYACHT, MIPEK/E BCETO, MOJDKEH HAYyYUTHCS MPAaBUIBHO UX 4MTaTh. [IpaBUnbHOE
YTEHUE PEKOMEHJOBAHHBIX MCTOYHUKOB IMPEAINOIAraeT CiIel0BaHUE HECKOJIbKUM HECIIOKHBIM,
HO BeCbMa IOJIE3HBIM IIPABHIIAM.

[TpenBapuTENbHBIM TPOCMOTP KHHUIM BKJIIOYAET O3HAKOMJICHHE C TUTYJIbHBIM JINCTOM
KHWTY, aHHOTAlueHd, NpeIucliOBUEM, OrjiaBlieHueM. [Ipu O3HaKOMIIEHUU C OTrJaBICHUEM
HE0OXOJIMMO BBIIEIUTh pPa3jeibl, INaBbl, naparpadspl, NpPEACTaBIAIONIME JUIsI Bac HMHTEpPEC,
0€erJio UX IPOCMOTPETh, HATH MeCTa, OTHOCAIIMECS K TeMe (ad3albl, CTpaHULIbl, Taparpadsl), 1
MMO3HAKOMUTHCS C HUMU B OOIIMX YepTax.

HayuHnble u31aHus CONMPOBOKIAIOTCS Pa3IUYHBIMH BCIIOMOTaTENIbHBIMU MaTepHaaMHu
— HAy4HbIM anmnapaToM, MO3TOMY Ba)XKHO 3HATh, U3 KaKUX OCHOBHBIX 3JIEMEHTOB OH COCTOMT,
KaKOBBI €ro ()YHKIIUH.

3HAKOMCTBO C KHUTOHM JIydllleé BCEro HA4YMHATh C M3YyYEHUs AaHHOTALlUM — KpPaTKOH
XapaKTepUCTUKU KHHUTHU, pACKpBIBAIOIIEH €€ COJEp)KaHUE, UICHHYI0, TEMaTHYECKyl0 H
KAHPOBYIO HAIIPaBIEHHOCTh, CBEJIEHUS OO0 aBTOpe, Ha3HAYeHUE U JApyrue OCOOEHHOCTH.
AHHOTaNMs MOMOTAeT COCTABUTH NIPEABAPUTEIBHOE MHEHHUE O KHUTE.

['my0xe NOHATH coJep)KaHWE KHUTU IMO3BOJISIIOT BCTYNHUTENbHAsl CTAaThs, B KOTOpPOM
JlaeTcsl OLIEHKA COJepXKaHWs KHUIH, 3aTparuBaeéMoil B HeW MNpoOJeMaTUKU, COAEPKUTCS
nH(popMalys 0 KU3HEHHOW U TBOpUeCcKoW Ouorpaduu aBTOpa, BHICKA3bIBAIOTCS MOJIEMUYECKHE
3aMeuaHusl, pa3bACHAIOTCS OTACIBHBIE INOJIOKEHHUSI KHUTH, JAIOTCS KOMMEHTapuu W T.1. Bor
MOYEeMY 3HaKOMCTBO C BCTYMHUTENbHOMN CTaThell Mpe/CTaBIsieTcs OUYeHb BaKHBIM: OHO ITOMOTAeT
CTY/IEHTY COPUEHTHPOBATHCS B TEKCTE pabOThl, 00paTUTh BHUMaHKME Ha ee HauboJee 1IeHHbIE U
BaYKHBIE Pa3zebl.

Toli ke 11enu CONEeNCTBYET 3HAKOMCTBO C OTJIaBIIEHUEM, NIPEANCIOBUEM, MOCIECTOBUEM.
Becbma mone3HBIMH 3J€MEHTaMH HAy4yHOTO amnmapara SBJISIOTCS CHOCKH, KOMMEHTapuH,
TaOauubl, TpaduKu, CHOUCKK JuTeparypbl. OHM HE TOJBKO WJUIIOCTPUPYIOT OT/ENbHbIE
MOJIOKEHUSI KHUTY WUJIM CTaTbH, HO U CaMU MO ce0e SBISAI0TCS JTOMOJHUTENbHBIM UCTOYHUKOM
uH(OpMAIIUY TS YUTATEIS.

Ecnu yurarens 3auHTepecoBalia Kakas-TO BbICKa3aHHAs aBTOPOM MBICITb, HE HalleamIas
MOJIPOOHOTO OCBEIIEHHUS B JJAaHHOM HCTOYHHUKE, OH MOXET OOpaTUThCS K TEKCTY MCTOYHHKA,
YIIOMHUHAEMOT0 B CHOCKE, JIN0O K UCTOYHUKY, KOTOPBIII OH MOXET HalTH B CIIUCKE JINTEPATYPHI,
PEKOMEHI0BAaHHOM aBTOPOM JIJIsl CAMOCTOSITEIBHOTO U3yUYEHUS.

Cy1iecTByeT HECKOIBKO (hOpM BEICHHS 3aITUCEH:
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— 1u1aH (IPOCTOW M pa3BepHYTHIN) — Haubojee KpaTkas popMa 3alHCH IPOYUTAHHOTO,
MPEJCTaBIAIONas CcoOOM MepedeHb BOIPOCOB, PACCMATPUBAEMBIX B KHUTE WIIHM CTaTbe.
Pa3BepHyThIii maH npencTaBisieT coboil Oosee MOAPOOHYIO 3amKMCh MPOYUTAHHOTO, C
[[eTaJ'II/I3aLII/Ief/'I OTACJIBHBIX MMOJI0KECHUHN U BBIBOJOB, C BBIITHUCKOI ouTaTr, CTAaTUCTUYCCKUX
TaHHBIX U T.7J. Pa3BepHyTHII IUIaH — HEOLEHUMBIN MOMOIHUK TP BBICTYIUICHHHU C JIOKJIAJIOM
Ha KOHKPETHYIO TeMY Ha CeMUHape, KoH(epeHuuy;

— TE3UCHl — KPaTKO c(hOpMYIHPOBAHHBIE MOJIOKEHUS, OCHOBHBIC TOJOKEHHUS KHHIH,
cratbi. Kak mpaBmio, T€3UCHl COCTaBIIIOTCS OCHIE NPEIBAPUTEIBHOIO 3HAKOMCTBA C TEKCTOM
MCTOYHHKA, [TPHU €ro NOBTOPHOM npouTeHHH. OHU MTOMOTAIOT 3aIlIOMHUTh U CUCTEMAaTU3UPOBATh
nH(pOpMaIIHIO.

CocTaBiieHHE KOHCIIEKTOB

Boublyto posib B YCBOCHHH W TOBTOPEHHH MPOWICHHOTO MaTepuaa UrpacT XOPOIIHA
KOHCIICKT, coaepxcanmﬁ OCHOBHBIC NCHU HpO‘II/ITaHHOFO B y‘-Ie6HI/IK€ nu YCJII)IIHaHHOFO B JICKIINH.
KoHcriekr — 3TO, 1O CymIecTBy, HAaOpOCOK, pa3BEepPHYTHIH IUTAH CBSI3HOIO paccKasza I1o
OCHOBHBIM BOHpOCﬁM TCMBI.

B Kkakoil-TO Mepe KOHCIEKT paccuuTaH (B 3aBUCUMOCTH OT WHIMBHIyalbHBIX
OCOOCHHOCTEH CTyJeHTa) HE TOJBKO Ha HWHTCIUICKTYyaJbHYI) W 3MOIMOHAIBHYIO, HO W Ha
3pUTENBHYIO TIaMSTh, MPUYEM TEKCT KOHCIIEKTa HEPEIKO aCCOIUUPYETCS €IIe M C TEKCTOM
y4eOHMKA WM 3aluChio JIeKiuu. [1o3ToMy Jierde 3amoMUHACTCs COJEP)KaHHE KOHCIICKTOB,
HAaITUCAaHHBIX p3360p‘-H/IBO, C HOI[‘-IepKI/IBaHI/ICM HUJIN BBIACJICHHUCM paSPﬂﬂKOﬁ KIIFOUYCBBIX CJIOB U

dbpas.

5 PEKOMEHALIAN 110 [1OAT' OTOBKE TBOPYECKOI'O 34/JAHUA

[Ipexxne 4emM NpUHUMATBCS 3a CO3JAaHUE MPE3CHTAIMH, HYKHO OINPENENHUThb, YTO
MMEHHO TpeOyeTcs co3AaTh, KakoBa OyAeT MOCIeA0BaTEIbHOCTh IEUCTBUMN, a TAKKE COCTABUTH
mwiad. HeoOXxoaumo mMOHMMAaTh, YTO peyb HUAET O HAYYHOH Mpe3eHTaIlMH, W Kak BCSIKas
Hay4yHas 0esamenbHOCmyb TIPE3EHTAUs COCTABIISETCS IOCPEICTBOM HEKOro anroputma. [loatomy
CHauaja CleAyeT OMPEeNEeNUTh STOT aleopumMACUCTBUNA, KOTOPBIA TpeOyeTcsl AN CO3AaHUS
Mpe3eHTaI1H.

Coznanue npe3eHTaluu BKIYaeT B ce0sl CIeAYIONINe ITAIbI:

. ONpeJIECIICHUE 1IEJIEH U 3a/1a4i IIPE3CHTAlINY;

. onpeJIeJIeHUE COCTaBa Ay IMTOPHH;

. OINpEJIEIICHUE BPEMEHH, KOTOPOE 3aiMET ITPE3CHTALINS;
. COCTABJICHHE IJIaHA MTPE3CHTALINH;

. BBIOOp CPENICTB MPECTABICHUS JIJISl IPE3ECHTAINH;

. BBIOOD MTOMOIITHUKA;

. COCTABJICHHE JIOKJIaJa I IPE3CHTALNHY;

. MOATOTOBKA Pa3/IaTOYHBIX MaTEPHUAJIOB.

CocraBneHue IJIaHa Mpe3eHTaluuu. Bamia npe3eHTanus, Kak JOKJIad JOJKHA UMETh
BCTYIUUIEHHE, OCHOBHYIO YacTh U 3aKitoueHue. Kaxaoil yacTu JOIKHBI COOTBETCTBOBATh KaKUe-
TO CJ'I&fII[BI. HO HaJa0 IOMHUTH O HECKOJIBKUX npaBI/max CO3JaHUus HpGSGHTaHI/II/IZ

. HpUQT B MPE3CHTALUH JOJKEH OBITh OOJIBIINM;

. TaOJUIIBI TIOHSTHBIMH,

. KaK MOKHO MEHbIIIE TEKCTa, TOJIbKO OCHOBHBIE MOJIOKEHHSI UM ONIPE/IECTICHHUS;
. MPaBWJIbHO MOJO00paHHbIE TPaPUKU;

. ONTUMAJIbHBIE 1IBEeTa (HE HYXKHO 3J10yIOTPeOIsTh KPACHBIM LIBETOM);

. 3¢ PeKTh aHUMAITUU JOJHKHBI OBITh K MECTY.

132



CMNCOK PEKOMEHLYEMOW NNTEPATYPbI

IlepeyeHb OCHOBHOM JIUTEPATYPBHI:

1. DnekrpoobesonacHocts / E.E. IlpuBanos, A.B. Edanos, C.C. Sctpebos, B.A. Spon ;
nox pex. E.E. IlpuBanosa. — Mocksa ; bepnun : {upekr-Menua, 2018. — 210 c. : w1, cxeMm.,
TabII. — Pexum JOCTyTa: o MOJIIUCKE.

URL.: http://biblioclub.ru/index.php?page=book&id=493604 . — bubauorp. B ku. — ISBN 978- 5-
4475-9698-9. — DOI 10.23681/493604. — TekcT : 37€KTPOHHBIA.

2. IIpuBanos, E.E. OcHoBsl anekrpode3onacHocTd : B 3 4. / E.E. IIpuBanos. — Mocksa ;
bepmun : Hupekr-Menua, 2016. — Y. 3. 3anmmuTa OT HanpspKEeHUs TPUKOCHOBEHUS M IIara B
NeKTpudeckux cersx. — 180 c¢. : wir., cxem., Tabn. — Pexwum pocTyma: 1o TOIIMUCKE. —
URL.: http://biblioclub.ru/index.php?page=book&id=436756 — bubmauorp. B k. — ISBN 978-5-
4475-7618-9. — DOI 10.23681/436756. — TeKcT : 371€KTPOHHBIA.

3. ITpusanos, E.E. OcHoBsl anekTpode3onacHocty : B 3 4. / E.E. IlpuBanos. — Mockaa ;
bepmun : [upexr-Menua, 2016. — Y. 2. 3a3emiieHHE€ 3JIEKTPOYCTAaHOBOK CHCTEM
anekTpocHaOxeHuss. — 156 c. : wi., cxem., Tabn. — Pexum pocTyma: Ho TOIIHCKE. —
URL.: http://biblioclub.ru/index.php?page=book&id=436755 . — bubauorp. B k. — ISBN 978-5-
4475-7617-2. — DOI 10.23681/436755. — TeKCT : 3JCKTPOHHBIMH.

4 Cubuxun 10.JI. OxpaHa Tpyma W 3JEKTpPOOE30MaCHOCTh: YueObHOoe mocobue — M:
Hupekr —Meaua, 2014.- 360 c. [OnexkTpoHHBII pecypc] peXuM  JoOCTyma:
https://biblioclub.ru/index.php?page=book_view_red&book_id=235424

IlepeyeHnb 10MOJIHUTEIbHOI JIUTEPATYPHI:

1.Cubukun, 1O./[. BbezonmacHocTh Tpyna Hpu MOHTaXKe, OOCIYKHUBAaHUM U PEMOHTE
anekTpoodopynoBanus npennpustuii / FO.J[. Cubukun. — Mocksa ; bepnun : Jlupext-Menua,
2014. - 338 ¢ : wr, Tabn. — PexmMm JgocTyma: MO TOMMUCKE. —
URL.: http://biblioclub.ru/index.php?page=book&id=256581 . — Bubmauorp.: . ¢. 332. — ISBN
978-5-4475-2508-8. — DOI 10.23681/256581. — TekcCT : 3MEKTPOHHBIH.

2. DiekTpoOe3onacHoCTh paboTHUKOB dnekrpudeckux cereit /  E.E. IIpuBanos,
A.B. Edanos, C.C. SctpedoB, B.A. Spow ; nox pen. E.E. IlpuBanosa. — Mocksa ; bepnun :
Hupexkr-Meauna, 2018. — 371 c. : wunm., T1abn. — Pexum pgoctyma: Mo TONAMUCKE. —
URL.: http://biblioclub.ru/index.php?page=book&id=493605 . — bubauorp. B k. — ISBN 978-5-
4475-9697-2. — DOI 10.23681/493605. — TeKCT : 3JEKTPOHHBIMH.

3. Cubukun, FO.Jl. DnekTpoOe30macHOCTh MPHU IKCIUTyaTallMM AJIEKTPOYCTAHOBOK
npombinuieHHBIX npeanpustait / FO.J[. Cubukun, M.IO. Cubukun. — 8-¢ uz., ucnp. — Mockga ;
bepnmun : upexkr-Meaua, 2014. — 235 c. : tabn., uin. — Pexum poctyna: mo MOJIHUCKE. —
URL.: http://biblioclub.ru/index.php?page=book&id=253964. — butauorp. B kH. — ISBN 978-5-
4458-8880-2. — DOI 10.23681/253964. — TeKcT : 37€KTPOHHBIA.

Ilepeyens y4eOHO-MeTOAUYECKOTO OOecHeYeHHs] CAMOCTOSITEJLHOH PadoThI
00y4aroImuxcs Mo JTUCIUTTHHE

1. MeToauieckuie yKa3aHus K BBITOJHEHUIO MTPAKTHUECKUX Pa0OT MO AUCHIUTIIHHE
«INEeKTPOOE30MaCHOCTHY.

2. MeTtoauyeckue yKka3aHusl K BBIITOJHEHUIO Ta00paTOPHBIX paboT MO AUCHHUILIHNHE
«INEeKTPOOE30MaCHOCTHY.

3. Meronuyeckue yKkazaHus K BBHITIOTHEHHIO CAMOCTOSITEILHON paboThl MO JTUCIUTUIMHE
«INEeKTPOOE30MaCHOCTHY.

4. Metoandeckre yKa3aHUS K BBIMIOJHEHUIO KOHTPOJIBHOW pabOThl TO JAUCHUILIIHHE
«INeKTPoOE30MacCHOCTHY.

WupopmalinoHHbIE CIIPABOYHbIE CUCTEMBI:
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3. DneKkTpoHHbIH (OHI NPaBOBOH MU HOPMATUBHO-TEXHUYECKOU JIOKYMEHTAIlUU
TEXDKCIIEPT http://docs.cntd.ru/

4. TlpodeccuonanbHble CpaBovHbIe cHCTeMBI Texakcneprt http://vuz.kodeks.ru/
5. O¢unuansHelii caiiT komnanuu "Koncynsrantllmoc" http://www.consultant.ru/
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